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The terminal receives a transport stream of the broadcast
television programs from the television broadcast network.
The transport stream includes a table that contains timing
information which is equivalent to the timing information
conveyaed by ad insertion markers that were previously
present in the broadcast content prior 1o the receipt of the
transport stream by the terminal.

The terminal processes the timing information in the table to
identify time slots in the transport stream that are available
for interstitial programming.

h 4

The terminal manages placement of interstitial programming
in the identified time slots during playback of the {elevision
programs on the terminal.

Ad Replacement Table ::== SEQUENCE {
service code INTEGER,
service descriptor CHOICE {
url STRING,
mpd STRING,
ad_slots SEQUENCE {
ad slot id INTEGER,
start time DATETIME,
slot_duration INTEGER
A i
¥
randomizer INTEGER OPTIONAL
}
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1
END USER-BASED PERSONALIZED AD
INSERTION IN BROADCAST-BROADBAND
HYBRID TERMINALS

TECHNICAL FIELD

The present disclosure generally relates to displaying
advertisements on a hybrid terminal such as, for example, a
smart television (TV). More particularly, and not by way of
limitation, particular embodiments of the present disclosure
are directed to a system and method to signal timing and
content of interstitial programming such as, for example,
advertisements personalized for a viewer, to a hybrid termi-
nal via a television broadcast network, using one or more
tables embedded in the transport stream of the television
content instead of currently-used advertisement insertion
markers such as, for example, the Society of Cable Tele-
communications Engineers 35 (SCTE 35) advertisement
insertion markers.

BACKGROUND

Hybrid terminals are now widely available worldwide in
many form factors such as, for example, Set-Top Boxes
(STBs), smart TVs, digital media players, Blu-ray players,
video game consoles, digital hotel television systems, and so
on. Hybrid terminals not only provide conventional broad-
cast television functionality, but also have integrated Inter-
net and web access features such as, for example, access to
the worldwide web (www) portion of the Internet. Thus,
hybrid terminals are examples of technological convergence
between computers and television sets/STBs and, hence,
also include network-connected interactive devices that uti-
lize television type display outputs. The software that runs a
hybrid terminal may be pre-loaded onto the device, or
updated or installed on-demand via an online application
store (app store) or app marketplace, in a manner similar to
what is done for modern smartphones.

It is noted here that the terms like “user terminal,” “client
terminal,” and “hybrid terminal” may be used interchange-
ably herein to refer to a hybrid terminal—in any form
factor—that supports connections to a broadcast network
and a broadband network.

FIG. 1 illustrates a system 15 showing a hybrid terminal
17 connected to a conventional television broadcast network
19 and a broadband network 20. Some examples of the
hybrid terminal 17 are provided in the preceding paragraph.
For the purpose of the present disclosure, each of the
networks 19-20 is considered to be a fully digital network.
The hybrid terminal 17 may support playback of conven-
tional broadcast television content through its connection to
the television broadcast network 19 such as, for example, a
terrestrial broadcast TV network or an over-the-air TV
broadcast, a cable TV network, or a satellite TV network.
Besides the traditional functions of television sets and STBs,
the hybrid terminal 17 can also support delivery of online
interactive media, Internet TV, Over-the-Top (OTT) content,
as well as on-demand streaming media through its connec-
tion to the broadband network 20. The broadband network
20 may be an Internet Protocol (IP) based network such as,
for example, a private IP network owned by a telco or cable
provider or the publicly-accessible Internet. The hybrid
terminal 17 may provide home networking access to record
videos on a hybrid terminal-based local storage drive (not
shown in FIG. 1) and may also allow viewers to search, find
and play videos, movies, photos, and other content from the
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Internet, or through a cable TV provider or a satellite TV
provider, or an over-the-air TV broadcast network.

Thus, the hybrid terminal 17 supports a model where
broadcasted live (or linear) TV content is consumed through
a digital broadcast connection supplemented with a digital
broadband connection to the Internet. The digital broadcast
connection may be, for example, an Advanced Television
Systems Committee (ATSC), Digital Video Broadcasting
(DVB), or Integrated Services Digital Broadcast (ISDB)
based broadcast connection provided by terrestrial, cable, or
satellite access based broadcast network 19. The digital
broadband connection or “channel” may allow the hybrid
terminal 17 to access additional audio-visual (AN) content
that can be downloaded or streamed to the hybrid terminal
17, as well as a signaling path to back-end servers (not
shown in FIG. 1)—in the broadcast network 19 and/or the
broadband network 20—to retrieve additional information
to enhance the broadcast experience for the viewer.

The hybrid terminal 17 may be a Hybrid Broadcast
Broadband TV (HbbTV) terminal that supports the broad-
cast and broadband delivery of entertainment to the end
consumer. An HbbTV terminal provides a single user inter-
face for delivery of digital broadcast TV and broadband TV
to the consumer. The HbbTV terminal can operate over
different digital broadcasting technologies such as terres-
trial, cable, or satellite broadcasts.

Insertion of an advertisement (also referred to as an “Ad”
or “ad”) in linear (or live) broadcast TV is traditionally
performed using Society of Cable Telecommunications
Engineers (SCTE) standards such as, for example, the
American National Standards Institute (ANSI)/SCTE 35
standard, titled “Digital Program Insertion Cueing Message
for Cable” (2013), available at www.scte.org; the relevant
disclosure of this standard is incorporated herein by refer-
ence in its entirety. As part of such ad insertion, SCTE 35
markers—which may also be referred to as “ad insertion
markers” or “splice information tables”—are carried in the
broadcast content to indicate the presence of ad insertion
points or “splice events.” A splice information table notifies
downstream devices of splice events, such as a break in the
network programming offering the opportunity to insert ads
or a return from a network break. A splice information table,
which pertains to a given program, is carried in one or more
Packet Identifiers (PIDs) referred to by that program’s
Program Map Table (PMT).

The timing information provided through an SCTE 35
marker may be used by a splicer in the television service
provider’s headend. The splicer, functioning as an Ad Deci-
sion Manager (ADM), may query an Ad Decision Server
(ADS) in the broadcast network 19 for an appropriate
advertisement to place at an ad insertion point—in the
Motion Picture Experts Group 2 (MPEG2) Transport Stream
(TS) of the broadcast content—identified by the correspond-
ing SCTE 35 marker or to replace an existing ad already
inserted at the national headend. The splicer may perform
such querying using the SCTE-130 protocol defined, for
example, in the ANSI/SCTE 130-1 document, titled “Digital
Program Insertion—Advertising Systems Interfaces Part 1:
Advertising Systems Overview” (2013), available at
www.scte.org, and in the ANSI/SCTE 130-3 document,
titled “Digital Program Insertion—Advertising Systems
Interfaces Part 3: Ad Management Service (ADM) Inter-
face” (2013), available at www.scte.org; the relevant disclo-
sures of both of these documents are incorporated herein by
reference in their entireties.

The ADS may use data from back-end server(s) or data-
base(s) such as data related to ongoing ad campaigns,
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regional demographic information, data about the channel
being watched, and the like, to decide on the advertisement
to be placed. The ADS returns this information—about the
ad to be placed—to the ad splicer, which may then obtain the
appropriate ad and splice it seamlessly at the ad insertion
point. The MPEG2 TS, with such ads inserted by the splicer
in the service provider’s headend, is then delivered to the
hybrid terminal 17.

The broadcast TV industry today performs the advertise-
ment insertion or replacement using servers located in the
facilities of the company providing or delivering the pro-
gramming. These servers (not shown in FIG. 1) typically
perform regionalized advertising insertion; the inserted ads
are then broadcast to subscribers in the related geographical
region. In some cases, the region can cover a number of
small localized areas. Some advertising insertion servers can
perform selection and insertion of an advertisement to an
individual user level, but the operational overheads associ-
ated with these are expensive and complex because the
servers must create a unique program stream for each user
and deliver it using unicast techniques.

Terminal-based content insertion allows for personalized
selection and playback of advertising. Some existing solu-
tions, such as those used for program content delivery
through Video on Demand (VoD), use a form of playlist for
individualized advertising, wherein the items in the play-
list—including pre-roll and post-roll advertisements—are
created for each user and both the program content and the
advertisements are delivered to individual users via broad-
band mechanism.

On the other hand, the MPEG Dynamic Adaptive Stream-
ing over HTTP (MPEG DASH) (where “HTTP” refers to
Hypertext Transfer Protocol) Industry Forum is presently
developing a specification which describes the format of a
manifest file for performing advertising content selection for
client-based insertion into a unicast streaming session to be
implemented in smart TVs or other hybrid terminals.

SUMMARY

The methods described above for the so-called “individu-
alized” content delivery are only used for unicast delivered
content via broadband. Such content can be VoD content or
Live content delivered Over The Top (LOTT). However,
these methods do not exploit the advantages of using broad-
cast or multicast delivery mechanisms for the main program.

Existing advertising solutions do not provide a mecha-
nism for the hybrid terminal’s determination of the upcom-
ing advertising slots in the broadcast or IP multicast deliv-
ered program, in conjunction with individual selection of
advertising material for insertion into those advertising slots.
Although it may be possible for the network-centric adver-
tisement insertion markers—the SCTE 35 markers—to be
delivered to the hybrid terminal, this approach may require
substantial logic or technical improvements at the hybrid
terminal because such an approach is not primarily designed
for use in a terminal. Furthermore, the digital television
industry is moving away from bit stream-specific signaling,
which includes specifically-coded data placed into an
MPEG2 TS. Hence, processing of SCTE 35 markers by
individual hybrid terminals may not be supported by the
digital television industry or the terminal vendors.

In addition, the above-mentioned approach specified by
the MPEG DASH Industry Forum is not designed for, and
does not consider any use in, broadcast terrestrial or multi-
cast delivered programming.
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Furthermore, although regionalized ads are broadcasted,
these broadcasted ads are not personalized to a specific
viewer, but are rather chosen based on broadly-defined
demographic information in an attempt to serve all viewers
in a localized region. Most targeted advertising in industry
solutions is normalized to a household/subscription or a
region, and not personalized to a specific end user. Indeed,
this has been the main problem with advertising in broadcast
TV networks. The absence of targeting advertisements to an
individual user in a broadcast TV network makes it much
less attractive to advertisers because it does not provide the
necessary end user engagement with the ad content, which
is generalized for the user’s geographic region.

Personalization in online (Internet) ad placements has
provided advertisers with a much more capable targeting
opportunity and shown TV distributors the potential to use
targeting to gain better revenues. For example, hybrid ter-
minals have a direct connection to the Internet and, like all
Internet-connected devices, the hybrid terminals also allow
a user to configure/personalize some aspects of the device,
such as creating bookmarks, favorites, personally-selected
apps, and so on. A hybrid terminal’s IP-based back-channel
to the broadcast service provider allows the end user to “log
in” to his/her profile associated with a subscription TV
service and configure the viewing experience in a manner
that is directly personalized to his preferences.

The problem of targeted advertising is mitigated some-
what in pay-per-view TV solutions, such as those provided
by cable TV or IPTV operators, because these operators
have access to much more specific user information such as,
for example, the user’s street address, user’s subscription
packages, channels frequently watched by the user, and the
like. The street address information can be correlated to
income levels, the information about channels watched can
lead to generalized information on user’s interests, and so
on. All of these correlated data can be then used to select
appropriate advertisements. However, even in such cases, it
is not possible to have true end user personalization, espe-
cially in a multi-user household where different users have
different viewing habits.

One solution offers an opportunity for advertisers to target
satellite and cable broadcast audiences based on a plethora
of demographic information. For example, using this solu-
tion, a cable network operator may provide targeted ads to
geographical regions watching linear (broadcast) program-
ming. In another solution, the cable operator may rely on a
database that combines names and addresses of homes in its
network footprint with third-party data to deliver unique ads
based on the demographic profiles of the cable operator’s
subscriber households. The third-party data may include
creditworthiness data from a national credit bureau, auto-
motive data from a statewide governmental agency, and
ethnic data from government census files. In this manner,
specific advertisements may be targeted to subscriber house-
holds in particular geographical regions. However, this sort
of “personalization” experience is one where an individual
user’s ad-viewing preferences are normalized to that of the
entire household because such “personalization” is based on
information available from the household-specific service
subscription or other data that does not and cannot identify
an individual user within the broadcast subscription.

In another approach, each STB at a household is assigned
aprofile based on demographic data and each ad is broadcast
with a profile associated with that ad. STBs that have their
profile matching with an ad’s profile use the ad, whereas
other STBs which do not match the ad’s profile discard the
ad. This profiling approach, in essence, is targeting using
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better demographics, wherein an STB is normalized to a
profile based on subscription data, not on individual user
choice.

In a still another approach, the content of the main
broadcasted program is “searched” for keywords using
fingerprinting and watermarking technologies, and ads
related to similar topics are inserted for that program. An
information service associated with the broadcast content
also may be provided.

It is observed from the foregoing discussion that existing
advertising solutions for a broadcast network not only fail to
provide a mechanism for terminal-based determination of
the advertising slots in the broadcast/multicast delivered
program, but they also fail to offer truly individualized
selection of advertising material for insertion into those
advertising slots.

It is therefore desirable to inform a hybrid terminal, such
as a smart TV, an IPTV terminal, or an STB, about the
program breaks in the transport stream of the broadcast/
multicast content in which advertisement insertion can
occur. It is further desirable to enable the terminal to retrieve
viewer-specific personalized advertisements and insert those
ads into the available program breaks for the end user/
viewer watching the television programs on the terminal.
Instead of using unicast or broadband channels as is the case
with existing advertising options, it is desirable to provide
relevant information about the advertisement slots to the
hybrid terminal via broadcast or multicast distribution.

The present disclosure offers a solution to the above-
mentioned problem of how to signal timing and content of
interstitial programming such as, for example, personalized
advertisements, to a hybrid terminal via a television broad-
cast network. Particular embodiments of the present disclo-
sure provide a broadcast system and method where the
existing ad insertion markers, such as the SCTE 35 markers,
in the transport stream of the broadcast content are replaced
by a table that contains information corresponding to the
replaced markers. The table-containing transport stream is
then delivered to the hybrid terminal to enable the hybrid
terminal to manage placement of interstitial programming
during playback of the broadcasted television programs.

It is noted here at the outset that, for ease of discussion,
the term “broadcast” is primarily used throughout the dis-
cussion herein and only broadcast network-based embodi-
ments are illustrated. However, it is understood that the
teachings of the present disclosure equally apply, with
suitable modifications (if needed), to television content
delivery through multicast. Hence, depending on the context
of discussion, the term “broadcast”—as applied to the teach-
ings of the present disclosure—may also refer to the tele-
vision programming delivered through multicast.

As part of signaling the timing of upcoming ad insertion
slots, particular embodiments of the present disclosure pro-
vide for a system and method in which an MPEG DASH
manifest is delivered to the hybrid terminal via the broadcast
or multicast transport stream and used to signal upcoming
time slots for advertising or other interstitial programming.
In one embodiment, a new DVB Service Information (SI)
table—which may be the Ad Replacement Table (ART)
discussed herein—is used to deliver the MPEG DASH
manifest or a link to the MPEG DASH manifest. The MPEG
DASH manifest contains information about timing of
upcoming ad insertion slots in the MPEG2 TS. As is known,
DVB SI tables are inserted in the DVB MPEG2 TS by a
service provider to describe the programs and events in the
transport stream sent to the hybrid terminal. For example,
the FEuropean Telecommunications Standards Institute
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(ETSI) European Standard (EN) document ETSI EN 300
468, version 1.14.1, titled “Digital Video Broadcasting
(DVB); Specifications for Service Information (SI) in DVB
systems” (2014-05), available at www.etsi.org, describes
such DVB S tables; the relevant disclosure of this document
is incorporated herein by reference in its entirety. The
MPEG DASH manifest may also provide to the hybrid
terminal the Uniform Resource Locators (URLs) of one or
more advertisements that can be inserted by the hybrid
terminal. The hybrid terminal can then fetch the associated
ad content from the identified URL through the broadband
channel. The fetched advertising may be personalized to the
terminal’s viewer. The personalized ad may be then inserted
in the appropriate ad slot by the hybrid terminal while
presenting the broadcast or multicast programming to the
viewer.

As part of signaling the content of interstitial program-
ming to enable the hybrid terminal to present highly indi-
vidualized advertisements to its viewer, particular embodi-
ments of the present disclosure use the above-mentioned
ART in the MPEG2 TS to identify an Ad Decision Server
(ADS). As discussed earlier in the “Background” section,
currently, a splicer on the network side queries an ADS for
advertisements, and no queries to the ADS are sent from the
hybrid terminal itself. Existing broadcast solutions do not
use any interaction with user terminals in determining ad
placements. However, according to particular embodiments
of the present disclosure, by signaling the ADS to the hybrid
terminal, the ART identifies the server from which the
hybrid terminal can request targeted ads. The ART also
replaces the existing SCTE 35 ad insertion markers, which
do not reach the hybrid terminal in traditional broadcasting.
Hence, in one embodiment, the ART may include timing
information equivalent to the timing information conveyed
by the replaced SCTE 35 markers. In one embodiment, such
timing information in the ART may identify the ad insertion
points in the transport stream, for example, through the
above-mentioned MPEG DASH manifest.

In particular embodiments, sufficiently in advance of an
available advertising slot in the broadcasted program, an
ART describing the location/URL of an ADS may be pre-
pared by the network/broadcast service provider (SP) and
broadcast to all terminals receiving that program. When this
ART is received and processed by a hybrid terminal, the
terminal may query the URL provided in the ART using an
HTTP request. The HTTP request may append to the URL
additional information that uniquely identifies the end user,
thereby allowing the ADS to query the service provider’s
Business Support System (BSS) and analytics server(s) as
well as any ongoing ad campaigns to find the appropriate
advertisements most suitable for this particular user. It is
assumed here that the user has previously provided to the
service provider some information related to his/her viewing
preferences, age, gender, other interests, and the like, which
are stored in the SP’s BSS and associated with the additional
information that can uniquely identify the user. Because this
user-specific information is voluntarily given, concerns
about violation of an end user’s privacy are considerably
reduced. The analytics server(s) can provide to the ADS
more dynamic information related to the user’s previous
viewing activity, what others with similar interests watched
in the past, and so on.

The ADS, based on the end user preferences and analytics
results, may return a set of advertisement content identifiers
from currently ongoing ad campaigns that meet the end
user’s preferences. These results may be stored in the hybrid
terminal. When another ART is subsequently encountered
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(by the hybrid terminal) indicating an ad placement oppor-
tunity, the stored results may be queried and the associated
ads may be fetched by the hybrid terminal from an ad
content server. One or more of these fetched ads may be used
to replace any local/regional/national ads already present in
the transport stream, such as, for example, the MPEG2 TS
delivered to the hybrid terminal. These new ads are truly
personalized and specific to the end user because they were
chosen to match that user’s previously-identified prefer-
ences. When additional ARTs are subsequently encountered
in the transport stream indicating ad placement opportuni-
ties, the hybrid terminal may select, fetch, and place differ-
ent ads from the stored results.

In this manner, the present disclosure provides a solution
for ad insertion for legacy broadcasting at the end user’s
terminal based on the end user’s specifically chosen prefer-
ences, and not based on general preferences selected from
demographics data or household data, as is done in the
current industry solutions. Furthermore, through an MPEG2
TS-based DVB Sl table, ad insertion points may be signaled
to a hybrid terminal to identify ad slots where the local/
regional/national ad already in the program can be replaced
at the terminal by an end user-targeted ad. As noted earlier,
in existing broadcast solutions, the SCTE 35 markers are
removed before sending the MPEG2 TS to the hybrid
terminal. Hence, in particular embodiments of the present
disclosure, this absence of the SCTE 35 markers is com-
pensated by a DVB SI table that contains timing information
corresponding to the timing information conveyed by these
markers so as to provide the “missing” timing information to
the hybrid terminal to enable it to manage placement of
personalized ads or other interstitial programs.

In one embodiment, the present disclosure is directed to
a method of signaling interstitial programming to a terminal
via a television broadcast network for playback to a viewer
associated with the terminal. The terminal is coupled to the
television broadcast network. In particular embodiments, the
terminal may be a hybrid terminal, an IPTV terminal, or a
hybrid terminal functioning as an IPTV terminal. The
method comprises performing the following by the televi-
sion broadcast network: (i) receiving broadcast content
containing television programs; (ii) creating a transport
stream of the broadcast content; (iii) preparing a table
containing information corresponding to one or more ad
insertion markers existing in the broadcast content and used
solely in the creation of the transport stream; (iv) replacing,
in the transport stream, the existing ad insertion markers
with the table; and (v) delivering the transport stream with
the table to the terminal to manage placement of interstitial
programming during playback of the television programs.

As noted earlier, the transport stream may be an MPEG2
TS, the table may be a DVB SI table, and the ad insertion
markers may be SCTE 35 ad insertion markers.

In one embodiment, the interstitial programming includes
advertisements and the DVB SI table may include either an
MPEG DASH based manifest or a Uniform Resource Loca-
tor (URL) to the MPEG DASH manifest, wherein the MPEG
DASH manifest contains information about timing of
upcoming ad insertion slots within the MPEG2 TS.

In another embodiment, for each ad insertion slot, the
MPEG DASH based manifest may additionally contain one
or more of the following information: (i) identification of
one or more sources available to supply respective adver-
tising material for the duration of the ad insertion slot; and
(i) for each identified source, a source-specific delivery
format for the respective advertising material.
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In one embodiment, the television broadcast network may
place a server URL in the DVB SI table, wherein the server
URL identifies a decision server—such as an ADS—in the
television broadcast network that manages selection of
advertisements to the terminal. The television broadcast
network may then provide the DVB SI table to the terminal
with a first indication that informs the terminal of the
presence of the server URL, thereby enabling the terminal to
contact the decision server for advertisements.

In one embodiment, the decision server may: (i) receive
a request from the terminal, wherein the request includes
information individually identifying the viewer of the ter-
minal; (ii) query one or more databases to obtain informa-
tion about one or more viewer-specific personalized adver-
tisements to be retrieved by the terminal for playback to the
viewer; and (iii) send a result to the terminal, wherein the
result may include a respective ad-specific URL for each
viewer-specific personalized advertisement to be sent to the
terminal. Each ad-specific URL may identify a respective
content server from which a corresponding viewer-specific
personalized advertisement is to be retrieved by the terminal.

The broadcast network may prepare a second DVB SI
table with a second indication that notifies the terminal of
one or more ad insertion slots available within the MPEG2
TS, thereby enabling the terminal to select from the result
sent by the decision server at least one viewer-specific
personalized advertisement that is time-wise possible for a
specific ad insertion slot within the MPEG2 TS. The net-
work may then deliver the second DVB SI table with the
second indication to the terminal via the MPEG2 TS.

In a further embodiment, the present disclosure is directed
to a method of presenting interstitial programming on a
terminal associated with a viewer. The terminal is coupled to
a television broadcast network that delivers broadcast tele-
vision programs to the terminal. The method comprises
performing the following by the terminal: (i) receiving a
transport stream of the broadcast television programs from
the television broadcast network, wherein the transport
stream includes a table that contains timing information
which is equivalent to the timing information conveyed by
ad insertion markers that were previously present in the
broadcast content prior to the receipt of the transport stream
by the terminal; (ii) processing the timing information in the
table to identify time slots in the transport stream that are
available for interstitial programming; and (iii) managing
placement of interstitial programming in the identified time
slots during playback of the television programs on the
terminal.

In one embodiment, the interstitial programming includes
advertisements, and the terminal may receive an MPEG
DASH based manifest through the television broadcast
network-sent DVB SI table. The MPEG DASH based mani-
fest may contain: (i) information about timing of upcoming
ad insertion slots within the MPEG2 TS, wherein the ad
insertion slots are the time slots available for advertise-
ments; (ii) for each ad insertion slot, identification of one or
more sources available to supply advertising material for the
duration of the ad insertion slot; and (iii) for each identified
source, a source-specific delivery format for the advertising
material. The terminal may: (i) parse the MPEG DASH
manifest to identify the sources; (ii) based on the parsing of
the MPEG DASH manifest, request respective advertising
material from one or more identified sources depending on
the source-specific delivery format; (iii) receive the
requested advertising material; (iv) store the received adver-
tising material; and (v) place at least some of the received
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source-specific advertising material into one or more of the
upcoming ad insertion slots for presentation to the viewer.

The terminal may request and receive the advertising
material through an Internet Protocol (IP) network based
broadband connection.

In another embodiment, the terminal may: (i) receive the
network-supplied DVB SI table with a server URL therein,
wherein the server URL identifies a decision server—such as
an ADS—in the television broadcast network that manages
selection and delivery of advertisements to the terminal; (ii)
receive a user ID from the viewer, wherein the user 1D
individually identifies the viewer; (iii) augment the server
URL by appending the server URL with the user ID along
with a device ID of the terminal; (iv) send a request to the
decision server using the augmented server URL; and (v)
receive a result from the decision server, wherein the result
includes a respective ad-specific URL for each viewer-
specific personalized advertisement to be retrieved by the
terminal and information about corresponding duration of
each viewer-specific personalized advertisement to be
retrieved by the terminal. Each ad-specific URL may also
identify a respective content server from which a corre-
sponding viewer-specific personalized advertisement is to be
retrieved by the terminal.

In one embodiment, the terminal may send an HTTP
request to the decision server and receive an HTTP response
from the decision server via an IP network based broadband
connection.

In a further embodiment, the terminal may also perform
the following as part of managing placement of interstitial
programming: (i) receive a second DVB SI table from the
television broadcast network, wherein the second DVB SI
table notifies the terminal of one or more ad insertion slots
available within the MPEG2 TS; (ii) based on the result
received from the decision server, select at least one viewer-
specific personalized advertisement that is time-wise pos-
sible for a specific ad insertion slot within the MPEG2 TS;
(iii) retrieve the selected viewer-specific personalized adver-
tisement from the respective content server using the ad-
specific URL for the content server; and (iv) present the
retrieved viewer-specific personalized advertisement to the
viewer.

The terminal may also send a report to the television
broadcast network, wherein the report contains information
about each viewer-specific personalized advertisement
retrieved from the respective content server and played back
to the viewer by the terminal. In one embodiment, such
“reporting” may be performed by the terminal after ad slot
indicators are provided by the television broadcast network
using MPEG DASH manifest and personalized ad content is
inserted into the broadcast or multicast programming.

In another embodiment, the present disclosure is further
directed to a television broadcast network for signaling
advertisements to a terminal for playback to a viewer
associated with the terminal. The terminal is coupled to the
television broadcast network. As before, in one embodiment,
the terminal may be a hybrid terminal, an IPTV terminal, or
a hybrid terminal functioning as an IPTV terminal. The
television broadcast network may comprise: (i) a video
processing system that receives broadcast content contain-
ing television programming and generates an MPEG2
Elementary Stream (ES) of the broadcast content; and (ii) a
headend coupled to the video processing system and the
terminal. In the broadcast network, the headend is operative
to: (i) create an MPEG2 TS from the MPEG2 ES of the
broadcast content; (ii) prepare a DVB SI table containing
information corresponding to one or more SCTE 35 ad
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insertion markers associated with the MPEG2 TS; (iii)
substitute the one or more SCTE 35 ad insertion markers in
the MPEG2 TS with the DVB SI table; and (iv) deliver the
MPEG2 TS with the DVB Sl table to the terminal to manage
placement of advertisements during playback of the televi-
sion programming.

In a further embodiment, the present disclosure is directed
to a hybrid terminal for presenting advertisements to a
viewer associated with the hybrid terminal. The hybrid
terminal is coupled to a television broadcast network that
delivers broadcast television programs to the hybrid termi-
nal. The hybrid terminal comprises: (i) a display unit for
displaying the advertisements to the user; (ii) a memory for
storing program instructions; (iii) a network interface for
receiving broadcast and broadband content; and (iii) a
processor coupled to the memory, the display unit, and the
network interface. The network interface includes a broad-
cast television interface to receive broadcast television pro-
gramming, and a broadband interface to interact with broad-
cast television network servers, retrieve multicast television
programming or receive advertisements for subsequent
insertion. The processor is configured to execute the pro-
gram instructions. Upon execution of the program instruc-
tions by the processor, the hybrid terminal is operative to: (i)
receive an MPEG2 TS of the broadcast television programs
from the television broadcast network, wherein the MPEG2
TS includes a DVB SI table instead of SCTE 35 ad insertion
markers, and wherein the DVB SI table contains timing
information that is equivalent to the timing information
conveyed by the SCTE 35 ad insertion markers; (ii) process
the timing information in the DVB SI table to identify time
slots in the MPEG2 TS that are available for the advertise-
ments; and (iii) manage placement of the advertisements in
the identified time slots during playback of the television
programs so as to present the advertisements to the viewer
through the display unit.

The present disclosure thus enhances the broadcast/mul-
ticast transport stream with an ART to carry information
about an ad decision server as well as timing information
about the ad placement slots. The information added to the
broadcast transport stream allows a hybrid/IPTV terminal to
perform highly personalized ad placements at the terminal
itself for the specific end user. The television broadcast
network may use end user identification information sent
from the end user’s viewing terminal to add to the heuristics
used by the backend servers to more specifically target the
ads served to this end user’s preferences. The terminal may
then replace the existing local/regional/national ads with
user-specific ads inserted in the ad insertion slots identified
through an MPEG DASH based manifest contained in the
ART.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following section, the present disclosure will be
described with reference to exemplary embodiments illus-
trated in the figures, in which:

FIG. 1 illustrates a system showing a hybrid terminal
connected to a conventional television broadcast network
and a broadband network;

FIG. 2A is an exemplary flowchart depicting various steps
that may be performed by a broadcast network according to
one embodiment of the present disclosure;

FIG. 2B is an exemplary flowchart depicting various steps
that may be performed by a terminal according to one
embodiment of the present disclosure;
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FIG. 3 illustrates exemplary details of a broadcast system
for personalized ad insertion according to one embodiment
of the present disclosure;

FIG. 4 shows an exemplary call flow for personalized ad
insertion at a hybrid terminal according to one embodiment
of the present disclosure;

FIG. 5 is an example of the syntax/format of an Ad
Replacement Table (ART) according to one embodiment of
the present disclosure;

FIG. 6 depicts exemplary functional components and
interactions therein for a group of system components
shown as part of the broadcast system in FIG. 3;

FIGS. 7A-7C illustrate how ARTs may be sent via an
MPEG2 TS according to particular embodiments of the
present disclosure;

FIG. 8 illustrates how an MPEG DASH manifest may be
delivered to a hybrid terminal via a broadcast transport
stream to signal timings of available advertising slots for
terminal’s placement of advertisement;

FIG. 9 shows an exemplary sequence of main TV pro-
grams and associated avails in the broadcast content portion
of the MPEG2 TS in FIG. 8;

FIG. 10 is an exemplary pseudo representation of an MPD
manifest for the program sequence in FIG. 9; and

FIG. 11 is a block diagram of an exemplary hybrid
terminal according to one embodiment of the present dis-
closure.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough under-
standing of the present disclosure. However, it will be
understood by those skilled in the art that the teachings of
the present disclosure may be practiced without these spe-
cific details. In other instances, well-known methods, pro-
cedures, components and circuits have not been described in
detail so as not to obscure the present disclosure. Addition-
ally, as noted before, it should be understood that although
present disclosure is described primarily in the context of
television programming delivered through a broadcast net-
work, the disclosure can be implemented for any other type
of audio-visual content such as, for example, movies, non-
television video programming or shows, and the like, and
also for multicast delivered television programming.

It is observed at the outset that the term “interstitial
programming,” as used herein, refers to textual, video,
audio, or audio-visual content inserted at pre-determined ad
insertion points or splice points in the linear flow of the main
television programming being delivered to a hybrid terminal
through broadcast/multicast. The most widely-recognized
“interstitial programming” is the commercial advertisements
played during a TV broadcast. However, the “interstitial
programming” may not be limited to just advertisements—
whether commercial or not, but may also include non-
advertisement type audiovisual content and various non-
commercial programs such as, for example, video clips,
news clips, a specific audio clip, and the like. For ease of
understanding the principle of the present disclosure, how-
ever, the readily-recognized terms “advertisement” or “ad”
have been primarily used in the discussion below merely as
a convenient shorthand for the more generic term “intersti-
tial programming.”

Furthermore, as before, the terms like “user terminal,”
“client terminal,” “subscriber terminal,” and “hybrid termi-
nal” may be used interchangeably herein to refer to a hybrid
terminal—in any form factor—that supports connections to
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a broadcast/multicast network and a broadband network.
The connection to the broadcast network allows the hybrid
terminal to receive the broadcasted content and signals
through a transport stream, and the connection to the broad-
band network provides a “back channel” that allows the
hybrid terminals to communicate with various network
servers through an IP network such as the Internet. The
broadcast/multicast transport stream of the programs may be
delivered to the hybrid terminal according to the below-
discussed teachings of the present disclosure. It is noted here
that because the teachings of the present disclosure equally
apply to a transport stream delivered by a television broad-
cast network via traditional broadcast means (terrestrial/
satellite/cable means) or IP multicast means, the term
“hybrid terminal” is also used below to include a terminal
that supports IP multicast functionality such as, for example,
an IPTV terminal, an IP Set-Top Box (IP-STB), or a hybrid
terminal having IPTV functionality such as, for example,
when the hybrid terminal operates as an IP-STB for an IP
delivered channel. Thus, strictly speaking, even if a “hybrid
terminal” may not support the IPTV functionality in some
embodiments, the term “hybrid terminal” is still primarily
used below for the sake of convenience and ease of discus-
sion, and is meant to refer to an IPTV terminal when a
transport stream according to the teachings of the present
disclosure is delivered via IP multicast means.

Similarly, the terms like “client,” “user,” “viewer,” “con-
sumer,” “subscriber,” and other terms of similar import may
be used interchangeably herein to essentially refer to an
individual viewer—as opposed to all the users in a house-
hold—watching broadcast/multicast programs on a hybrid
terminal. As above, the broadcast/multicast transport stream
of the programs may be delivered to the hybrid terminal
according to the teachings of the present disclosure, and the
hybrid terminal may be configured as discussed below to
process the received transport stream to provide highly
personalized viewing experience to the viewer. For ease of
discussion, the terms “program™ and “channel”; as in the
case of a TV program or TV channel, may be used inter-
changeably herein as may be evident from the context.

FIG. 2A is an exemplary flowchart 22 depicting various
steps that may be performed by a broadcast/multicast net-
work such as, for example, the broadcast network 46 in FI1G.
3, according to one embodiment of the present disclosure.
As discussed later, the broadcast network may signal inter-
stitial programming to a terminal for playback to a viewer
associated with the terminal. The terminal may be coupled
to the television broadcast network to receive the broadcast
content and signals therefrom. The terminal may be a hybrid
terminal, an IPTV terminal, or a hybrid terminal with IPTV
functionality. The interstitial programming may include
commercial advertisements. Initially, as part of the signaling
of interstitial programming, the broadcast network may
receive a broadcast content containing television programs
(block 26). The broadcast content may be received from, for
example, live satellite broadcast video feed in the form of
analog or digital channels. At block 27, the broadcast
network may create a transport stream of the broadcast
content. The transport stream may be the earlier-described
MPEG2 TS, as noted at block 28. At block 29, the broadcast
network may prepare a table containing information corre-
sponding to one or more ad insertion markers existing in the
broadcast content and used solely in the creation of the
transport stream. As noted at block 30, in one embodiment,
the ad insertion markers may be the previously-mentioned
SCTE 35 markers, and the table prepared at block 29 may
be a DVB Sl table. As discussed in more detail below, such
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DVB SI table may be the ART mentioned earlier. In the
transport stream, the broadcast network may replace the
existing ad insertion markers with the table prepared at
block 29, as mentioned at block 31. Thereafter, at block 32,
the broadcast network may deliver the transport stream with
the table (replaced at block 31) to the terminal to manage
placement of interstitial programming during playback of
the television programs.

FIG. 2B is an exemplary flowchart 35 depicting various
steps that may be performed by a terminal such as, for
example, the hybrid terminal 44 in FIG. 3, according to one
embodiment of the present disclosure. Broadly speaking, the
terminal-based steps in FIG. 2B may be considered as
counterparts to the network-based actions depicted in FIG.
2A. For ease of depiction, the blocks similar to blocks 28,
and 30 are not repeated in FIG. 2B, but it is understood that
similar content remains applicable to block 38 in FIG. 2B.
The terminal may present interstitial programming to a
viewer in the manner illustrated in FIG. 2B. The terminal
may be coupled to a television broadcast/multicast network
that delivers broadcast/multicast television program to the
terminal. Initially, at block 38, the terminal may receive a
transport stream of the broadcast television programs from
the television broadcast network. The transport stream may
include a table such as, for example, the ART (discussed
below), that contains timing information which is equivalent
to the timing information conveyed by ad insertion markers
that were previously present in the broadcast content prior to
the receipt of the transport stream by the terminal. The
terminal may process the timing information in the table
received at block 38 to identify time slots in the transport
stream that are available for interstitial programming (block
39). The terminal may then manage placement of interstitial
programming in the identified time slots during playback of
the television programs on the terminal (block 40).

It is noted here that FIGS. 2A and 2B provide a general
outline of various steps performed by a broadcast network
and a hybrid terminal, respectively, as part of the personal-
ized ad insertion procedure according to particular embodi-
ments of the present disclosure. A more detailed discussion
of those and other aspects according to the teachings of the
present disclosure is provided with reference to FIGS. 4-10
below.

More generally, the transport stream-based table men-
tioned in FIGS. 2A-2B provides a means by which an Ad
Decision Server (ADS) may be signaled to an end user’s
terminal. The terminal can then request targeted ads from the
ADS. Existing broadcast solutions do not use any interaction
with user terminals in determining ad placements. As
described in detail below, the user terminal can provide the
ADS with end user identification information, which may be
used by the ADS to obtain pre-stored personal preferences of
the end user. The ADS may use available backend informa-
tion along with user’s personal preferences to select person-
alized ads for the user from amongst the available ads.

To enable the hybrid terminal to insert targeted ads in the
linear broadcast program despite the absence of the SCTE
35 markers in the received transport stream, the transport
stream-based table may also signal ad insertion points to the
user’s terminal. These ad insertion points indicate ad slots
where any local/regional/national ad already placed in the
broadcast TV program can be removed and replaced at the
terminal by an end user-targeted ad. As noted earlier, in
existing broadcast solutions, SCTE 35 marker-type indica-
tors of ad insertion points are removed before the broadcast
content’s MPEG2 TS is sent to the user terminal. In one
embodiment, an MPEG DASH based manifest may be
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delivered—via respective transport stream-based tables—to
all terminals/STBs that are “tuned” to the channel in which
the personalized ad insertion will occur. The content of the
MPEG DASH manifest may describe the upcoming program
breaks in which advertisement insertion can occur for that
channel. For each upcoming ad insertion slot, the manifest
may also contain information identifying one or more
sources or advertising servers available to supply respective
advertising material for the duration of the ad insertion slot.
For each identified source, the manifest may also contain
information about a source-specific delivery format for the
respective advertising material. In one embodiment, the
manifest may include URLs to advertising servers that will
determine which advertisements are to be inserted in the
upcoming program breaks. When processing these URLs,
the terminal may provide some unique identifying informa-
tion to an advertising server and, as mentioned earlier, the
server can correlate such information with network-based
advertising campaign information to provide a result to the
user terminal. The result may include one or more adver-
tisements that are personalized to the details associated with
the user at that specific user terminal.

FIG. 3 illustrates exemplary details of a broadcast system
42 for personalized ad insertion according to one embodi-
ment of the present disclosure. A hybrid terminal 44 is
shown to be connected to a broadcast network 46 configured
according to the teachings of the present disclosure and also
to a broadband IP network such as, for example, the
IP/broadband network 20 of FIG. 1. Thus, the hybrid ter-
minal 44 in FIG. 3 operates under the same networked
configuration as the hybrid terminal 17 in FIG. 1, except that
the hybrid terminal 44 and the broadcast network 46 in FI1G.
3 provide additional functionality to implement the teach-
ings of the present disclosure and, hence, are different from
the hybrid terminal 17 and the broadcast network 19 in FIG.
1. However, the hybrid terminal 44 and the broadcast
network 46 support the general features of the hybrid
terminal 17 and the broadcast network 19, respectively,
discussed earlier and, hence, such discussion is not entirely
repeated herein for the sake of brevity. For example, the
hybrid terminal 44 may have different form factors such as,
for example, an STB connected to a TV display, a smart TV,
an HbbTV, a digital media player, a Blu-ray player, a video
game console, a digital hotel television system, and so on. In
the embodiment of FIG. 3, the hybrid terminal 44 may not
only provide conventional television functionality through
its connection to the broadcast network 46, but may also
have integrated Internet and web access features to enable it
to support delivery of online interactive media, Internet TV
or IPTV, OTT content, as well as on-demand streaming
media through its connection to the broadband network 20.
Similarly, the broadcast network 46 may be, for example, a
terrestrial or over-the-air broadcast TV network, a cable TV
network, or a satellite TV network. The broadcast network
46 may be a fully digital network that supports a digital
broadcast connection such as, for example, an ATSC, a
DVB, or an ISDB based broadcast connection. The broad-
cast network 46 may deliver a transport stream as per
teachings of the present disclosure via traditional broadcast
means (terrestrial/satellite/cable means) or via IP multicast
means. Hence, the terms “broadcast/multicast network” and
“broadcast network™ may be used interchangeably herein to
refer to the broadcast network 46.

In one embodiment, the hybrid terminal 44 may receive
broadcast programming through a Set-Top Box (STB) 48,
or, alternatively, the hybrid terminal 44 may itself include
the functionality of the STB 48 as part thereof, in which case
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the terminal 44 may directly receive broadcast programming
as shown, for example, in FIG. 6. In another embodiment,
the combination of the STB 48 and the terminal 44 may be
considered to comprise a “hybrid terminal,” such as, for
example, when the terminal 44 is a legacy TV that does not
have smart TV functionality. Exemplary architectural details
of the hybrid terminal 44 according to one embodiment of
the present disclosure are provided in FIG. 11 (discussed
later). The STB 48 may be a service provider-specific
receiver of broadcasted content/signals and may also be
referred to as a Customer Premises Equipment (CPE). In one
embodiment, the STB 48 may be an IP-STB supporting
IPTV multicast functionality for IP delivered channels. In
one embodiment, the hybrid terminal 44 and/or the STB 48
may be capable of receiving audio-visual content through
Radio Frequency (RF) signals and converting the received
signals into signals that are compatible with an appropriate
display device such as, for example, an analog/digital tele-
vision or computer monitor. The hybrid terminal 44 may be
capable of receiving cable-based as well as non-cable based
audio-visual content. Such content may include, for
example, Internet Protocol TV (IPTV) content, cable TV
programming, satellite or other broadcast TV channels,
Over-The-Top (OTT) streaming video from non-cable
operators like Vudu and Netflix, Over-The-Air (OTA) live
programming, Video-On-Demand (VOD) content from a
cable service provider or a non-cable network operator,
Time Shifted Television (TSTV) content, programming
delivered from a Digital Video Recorder (DVR) or a Per-
sonal Video Recorder (PVR) or a Network-based Personal
Video Recorder (NPVR), and so on. In one embodiment, the
hybrid terminal 44 may operate in an IP-STB manner for an
IP delivered channel such as, for example, an IPTV multi-
cast channel. As noted before, for ease of discussion, the
term “hybrid terminal” is primarily used herein to refer to a
terminal that receives a transport stream from the broadcast
network 46 as per teachings of the present disclosure—
whether through traditional broadcast means or through IP
multicast means.

The hybrid terminal 44 and/or the STB receiver 48 may
be present at a location 50, also referred to as “customer
premises”. An exemplary user/viewer 52 is shown to be
present at the location 50 and watching broadcasted pro-
grams on the hybrid terminal 44. The location 50 may be a
home, a hotel room, a dormitory room, and the like. In
certain embodiments, the viewer 52 may not be the owner/
proprietor of the hybrid terminal 44, but can still receive
personalized ads so long as the viewer 52 somehow conveys
his/her personal user preferences and viewer-specific infor-
mation to the television broadcast network 46. It is under-
stood that there may be more users and more hybrid termi-
nals at the customer premises 50, but only one of each is
shown in FIG. 3 for ease of illustration. Also, as discussed
below, only one such user 52 is identified to the television
broadcast network so that advertisements are personalized
solely towards the user 52 who is registered/logged-in to that
specific hybrid terminal 44.

In one embodiment, the hybrid terminal 44 may commu-
nicate with the broadband IP network 20 using Transmission
Control Protocol (TCP)/IP-based data communication. As
noted before, the IP network 20 may be, for example, the
Internet including portions of one or more wireless networks
as part thereof. In one embodiment, the hybrid terminal 44
may communicate wirelessly with the broadband network
20, for example, through a wireless connection between a
customer premises-based broadband access network (not
shown) and the hybrid terminal 44.
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In one embodiment, the broadcast network 46 may
include a video stream processing system (VPS) 54 to
provide an elementary stream, such as, for example, an
MPEG2 Elementary Stream (ES), of the received broadcast
content feed at arrow 55 and, optionally, of any advertising
content received from an ad server 57. The VPS 54 may be
coupled to (or in communication with), for example, a
satellite receiver (not shown), which may receive live sat-
ellite broadcast video feed in the form of analog or digital
channels from a satellite antenna (not shown). The received
channels may be then delivered to customer premises via a
service provider’s cable network. Prior to processing the
received live video data, the VPS 54 may communicate with
the ad server 57 to obtain any local/regional/national ad to
be inserted into the linear programming of the broadcast
feed. In one embodiment, the ad server 57 may be part of the
broadcast network 46. However, in another embodiment, the
ad server 57 may be a separately-managed server providing
ad content to the broadcast network 46, but not being part of
the network 46.

In the embodiment of FIG. 3, the broadcast network 46
may also include a Service Provider (SP) content ingestion
headend 59 and an SP Ad Decision Server (ADS). The
service provider headend 59 may receive the elementary
stream of the broadcast content from the VPS 54 and may
generate a transport stream therefrom. The transport stream
may be then delivered to the hybrid terminal 44, either
directly or through the STB 48. In one embodiment, the
transport stream may be an MPEG2 TS that includes a table
such as, for example, the earlier-mentioned Ad Replacement
Table (ART), which replaces the existing ad insertion mark-
ers, such as the SCTE 35 markers, but contains information
corresponding to those replaced markers. In one embodi-
ment, the VPS 54 may be coupled to a regional/national
headend (not shown) in a broadcast network, in which case,
the VPS 54 may itself receive a transport stream of the
broadcast content with SCTE-35 markers included and
provide that transport stream to the local SP headend 59,
which may then create and deliver the MPEG2 TS with
ARTs (replacing the SCTE35 markers) to the hybrid termi-
nal 44. The generation of the MPEG2 TS with an ART is
discussed in detail below with reference to discussion of
FIGS. 4-7. In one embodiment, the ART may include an
MPEG DASH manifest to provide timing information to the
hybrid terminal for ad replacement, as discussed in more
detail below with reference to FIGS. 8-10. It is observed
here that the embodiment of FIG. 3 illustrates that the
headend 59 in the broadcast network 46 delivers the MPEG2
transport stream via traditional broadcast means (terrestrial/
satellite/cable means). However, in another embodiment, the
headend 59 may deliver the MPEG2 TS to the customer
premises 50 via IP multicast means such as, for example, an
IPTV multicast channel delivered to the hybrid terminal 44
through the IP broadband network 20. Thus, although the
discussion of FIGS. 4-10 below primarily refers to the
traditional broadcast-based embodiment of FIG. 3, it is
understood that all such discussion equally applies to
embodiments where the broadcast network 46 delivers a
transport stream—configured as per teachings of the present
disclosure—via IP multicast means. Hence, a separate IP
multicast-based discussion is not provided herein for the
sake of brevity.

It is known that current digital broadcast television sys-
tems are based on the MPEG transport stream standard. The
MPEG2 TS is a standard format for transmission and storage
of audio, video, and Program and System Information
Protocol (PSIP) data, and is used in broadcast systems such
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as DVB, ATSC, and ISDB. Transport stream specifies a
container format for encapsulating the packetized elemen-
tary stream content, with error correction and stream syn-
chronization features for maintaining transmission integrity
when the signal is degraded. Transport streams are designed
to tolerate less reliable transmissions, such as terrestrial or
satellite broadcasts. A transport stream may carry multiple
programs or “channels,” as shown, for example, in FIGS.
7A-7C discussed later.

As shown in FIG. 3, the SP headend 59 may be opera-
tively coupled to the SP ADS 60. In the absence of a
personalized ad for an ad slot, the SP ADS 60 may provide
guidance to the SP headend 59 regarding which advertise-
ment to place in the MPEG2 TS being delivered to all the
terminals. The ADS 60 may have access to one or more
databases such as, for example, a subscriber database (DB)
62, an analytics DB 63, and a campaign manager DB 64. In
one embodiment, these databases 62-64 may be part of the
broadcast network 46 as well. In certain implementations,
these databases 62-64 may be servers or server-based data
storage systems. The subscriber DB 62 may store user-
specific personal information of the user 52. Such personal
information may include, for example, the user’s personal
viewing preferences, the user’s age, gender, and other per-
sonal interests the user may have shared with the service
provider. The analytics DB 63 may store demographic
information as well as more dynamic information related to
the user’s previous viewing activity, what others with similar
interests watched in the past, and so on. The campaign
manager DB 64 may store information related to currently
ongoing ad campaigns to assist the ADS 60 in selecting the
most personalized ad(s) that matches with the user’s pref-
erences from the currently active ad campaigns.

As shown in FIG. 3, in one embodiment, the servers 57,
60 in the broadcast network 46 may be connected to the
IP/broadband network 20 and, hence, accessible to the
hybrid terminal 44 via the IP network 20. Additional opera-
tional details of various entities shown in the exemplary
broadcast system 42 are provided later below in conjunction
with discussion of FIGS. 4 and 6.

In one embodiment, the broadcast network 46 may be a
service provider’s network and the network components 54,
57, 59-60, and 62-64 may be owned, managed, or operated
by the service provider, such as, for example, a cable TV
service provider or a satellite network operator. In another
embodiment, only a portion of the broadcast network 46
may be Service Provider (SP) owned, managed or operated.
Such portion may include, for example, the SP headend 59
and the SP ADS 60. Other network components in the
broadcast network 46 may be controlled, managed, or oper-
ated by more than one commercial entities. Other similar or
alternative commercial arrangements may be envisaged for
ownership, operation, management, or support of various
component systems shown in FIG. 3. In any event, all of the
business entities associated with the broadcast network
46—through ownership, management, or control of one or
more network servers or databases—may have appropriate
licensing or operating agreements therebetween to enable
smooth/seamless provisioning of personalized ads or other
interstitial programming to the subscriber 52. Generally,
who owns or manages a specific system component shown
in FIG. 3 is not relevant to the overall personalized content
delivery solution discussed in the present disclosure.

It is noted here that exemplary architectural details of the
hybrid terminal 44 are shown in FIG. 11 and discussed later
below. However, for ease of illustration and sake of brevity,
no such architectural details are provided for the remaining
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processing entities 48, 54, 57, 59-60, and 62-64 shown in the
embodiment of FIG. 3. It is understood, though, that at least
some of these remaining entities, such as, for example, the
servers 57 and 60, may have a similar architectural configu-
ration in particular embodiments. In certain other embodi-
ments, each of the entities 48, 54, 57, 59-60, and 62-64 may
include a respective memory (not shown) to store the
program code to carry out the relevant entity-specific pro-
cessing steps discussed below. An entity’s processor(s) (not
shown) may invoke/execute that program code to implement
the desired functionality. For example, in one embodiment,
upon execution by a processor (not shown) in the ad server
57, the program code in the ad server 57 may cause the ad
server 57 to supply ads requested by the hybrid terminal 44.
Similarly, one or more processors in the ADS 60 may
execute relevant program code to carry out the database-
querying aspect discussed with reference to FIG. 4 below. In
summary, the processing entities 48, 54, 57, 59-60, and
62-64, or any other processing entity not shown in FIG. 3 but
may be needed to effectuate the personalized advertising
according to teachings of the present disclosure, may be
configured (in hardware, via software, or both) to carry out
the relevant entity-specific processing steps discussed
below. Thus, although the processing entities 48, 54, 57,
59-60, and 62-64 may be referred to herein as “performing,”
“accomplishing,” or “carrying out” a function or process, it
is evident to one skilled in the art that such performance may
be technically accomplished in hardware and/or software as
desired.

In one embodiment, a service provider—whether a cable
network operator, satellite broadcast service provider, or any
other entity—may offer a subscription-based, non-subscrip-
tion based, or free service to deliver targeted content to a
hybrid terminal through a modified transport stream dis-
cussed below. The service provider’s servers or databases
may be accessible to the user’s hybrid terminal through a
broadband network. In particular embodiments, such service
provider may supply the DVB Sl tables through an MPEG2
TS, as discussed below, to enable the user’s hybrid terminal
to download appropriate advertisements from a content
server, which may or may not be owned/operated/managed
by the service provider. Thus, various functionalities dis-
cussed in the present disclosure may be offered as a com-
mercial or non-commercial service.

FIG. 4 shows an exemplary call flow 66 for personalized
ad insertion at a hybrid terminal, such as the hybrid terminal
44 in FIG. 3, according to one embodiment of the present
disclosure. A pre-requisite to facilitate personalized adver-
tising is that the end user 52 may need to provide user-
specific information to the service provider. The user-spe-
cific information may include, for example user’s age,
gender, as well as user’s personal viewing preferences such
as, for example, favorite genres, interests, hobbies, shows,
and the like. The user may provide his/her personal infor-
mation in as much detail as desired. The value of person-
alization lies in the user trusting the service provider suffi-
ciently so as to provide an accurate view of the user’s
preferences to the service provider, thereby ensuring, as
compensation, that the inevitable advertisement slots in the
broadcasted transport stream are populated with appropriate
personalized content. This aspect is depicted by block 68 in
FIG. 4 where it is noted that the user 52 may interact with
the subscriber DB 62 to add user preferences. In one
embodiment, the user 52 may use the hybrid terminal 44 or
other web-enabled device such as, for example, a computer
or a tablet, to access the subscriber DB through the ADS 60
via the broadband network 20. In another embodiment, the
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user 52 may provide his’her preferences at the time of
signing up for the SP’s services and as part of setting up
his/her subscriber account with the SP. However, in the
context of the present disclosure, how such user-specific
information is provided to the SP and stored in the sub-
scriber DB 62 is not relevant. In any event, it is observed
that, in one embodiment, the service provider may assign a
User ID to the user 52 or allow the user 52 to select a User
1D, which may be needed by the user’s hybrid terminal 44
to receive personalized ads as discussed below. The selected
or assigned user ID may be stored in the subscriber DB 62
as part of subscriber account information for the user 52.

Before discussing the numbered steps 1 through
10—identified by reference numerals 70-79 in FIG. 4, it is
noted that this numbering is provided for ease of discussion
only; it does not imply that these steps must be performed in
the described order in all the embodiments of the present
disclosure. Also, in certain embodiments, one or more steps
may be combined, altered, or omitted, or additional steps
may be present, as per desired implementation.

In step-1 (block 70), following the well-established prac-
tice of the broadcast industry, the SP’s headend 59 may
create a transport stream, such as the MPEG2 TS, of the
broadcast content feed, such as the MPEG2 ES received
from the VPS 54. Initially, the MPEG2 TS may contain ad
insertion markers such as, for example, the SCTE 35 mark-
ers, which are used solely in the creation of the transport
stream, as shown, for example, in FIG. 7A (discussed later).
In one embodiment, the headend 59 may insert an ART—an
example of which is shown in FIG. 5 and discussed later
below—into the transport stream. This ART is to prepare the
hybrid terminal for the subsequent insertion of personalized
advertisements. In one embodiment, the SP headend 59 may
populate the initial/first ART with a specific indication to
indicate to the hybrid terminal 44 that the ART in the
MPEG2 TS contains the Uniform Resource Locator (URL)
for the SP’s ADS 60. In one embodiment, this indication
may be a Service Code (SC) field having a value of “1.” The
ADS 60 may function as a reverse proxy, hiding any SP
backend server topology. The URL may enable the terminal
44 to contact the ADS 60 for advertisements, as discussed
below.

As noted earlier, the SP headend 59 will, following
normal industry practice, eventually remove the earlier-
inserted SCTE 35 markers before sending the MPEG2 TS to
the client terminal 44. However, prior to removal of the
markers, the headend 59 may insert appropriate local/re-
gional ads for the SP’s broadcast region at the timing
locations in the MPEG2 TS identified by the SCTE 35
markers. These may be the default ads to be shown to the
user 52 in case the user does not subscribe to personalized
ad insertions, for example, by not providing user-specific
personal information to the service provider or, for some
reason, there is no user-specific personalized ad available. In
one embodiment, such default ads may be selected with
“assistance” from the SP ADS 60, or they may be the ads that
are already provided by the ad server 57 through the MPEG2
ES. In case of default ads, in one embodiment, the MPEG2
TS delivered to the hybrid terminal 44 may not contain any
ART which references such default ads.

In the embodiment of FIG. 4, as indicated at block 70, the
headend 59 may deliver the transport stream with the
table—here, an ART with SC=1—to the hybrid terminal 44.
As discussed below, the table also enables the hybrid ter-
minal to obtain information about the source(s) from which
personalized ads may be fetched for insertion into those
slots.
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In step-2 (block 71), while receiving the MPEG2 TS from
the headend 59, the hybrid terminal 44 may encounter the
ART with service_code=1 (SC=1). In response, the terminal
44 may process the ART and retrieve the URL contained
therein. The terminal 44 may then augment the retrieved
URL by appending it with identifying information for the
user logged-in or registered on the terminal 44 as well as,
optionally, the device ID of that terminal. In one embodi-
ment, when the user 52 watches a particular TV channel that
offers a subscription (or non-subscription) TV session for
personalized viewing, a log-in option may be presented to
the user 52 through the hybrid terminal 44. Upon “logging
in” to the available TV session, the user 52 may be requested
to provide his/her User ID for such a TV session, if the user
is interested in receiving personalized interstitial program-
ming. As noted earlier, the SP may assign or allow the user
to select a User ID when the user “signs up” for the
personalized advertising option. In one embodiment, the
information with which the hybrid terminal 44 appends the
retrieved URL may be a hash of this User ID. In another
embodiment, as noted before, the appended information may
include the User ID along with a device identifier (device
ID) of the hybrid terminal 44. The device ID may be, for
example, the Media Access Control (MAC) address of the
terminal 44. It is noted here that the use of an optional
randomizer value in the ART as shown, for example, in FIG.
5 and discussed later below, may prevent multiple hybrid
terminals from flooding the ADS 60.

In step-3 (block 72), the hybrid terminal 44 may deref-
erence this augmented URL using an HTTP GET request. In
one embodiment, the terminal 44 may send its HITP GET
request to the ADS via the IP broadband network 20. As part
of'the HTTP GET request, the terminal 44 may use an XML
HTTP Request (XHR) (where “XML” refers to Extensible
Markup Language) technique or another equivalent mecha-
nism to send a request for ads to the ADS 60. The action at
block 72 may be done in the background without any user
interaction or without affecting the user’s viewing experi-
ence.

In step-4 (block 73), the ADS 60 may query, as appro-
priate, one or more of the databases 62-64 to determine what
might be the best ad placements for this particular user. It is
noted that the subscriber DB 62 contains the end user’s ad
viewing preferences, which may have a major role in
determining any ad placement decision by the ADS 60. For
example, the ADS 60 may use the stored viewer-specific
information to select one or more viewer-specific personal-
ized advertisements to be sent to the hybrid terminal for
playback to the viewer. In that regard, the ADS 60 may
compare the User ID received from the hybrid terminal with
the stored viewer-specific information in the subscriber DB
62 to first determine that the user ID received from the
hybrid terminal indeed matches with a user ID stored in the
DB 62 as part of the viewer-specific information. Thereafter,
the ADS 60 may query one or more of the databases 63-64
to obtain information about appropriate viewer-specific ads
that can be sent to the hybrid terminal 44 for playback to the
viewer 52. In any event, for the present disclosure, it is not
relevant which algorithm the ADS 60 uses to determine
appropriate ads for the viewer 52, or how the contents of
these databases 62-64 are weighted/analyzed for selection of
such ads, or the heuristics the decision server 60 may use to
select ads based on the end user’s preferences from amongst
the ads available. The ADS 60 can use any backend infor-
mation combined with the end user’s personally-selected
preferences to arrive at the most suitable ads for the user.
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In step-5 (block 74), the ADS 60 may send a result of its
query (at block 73) to the hybrid terminal 44. This result may
be sent as an HTTP response (to the request at block 72) via
the broadband network 20. In one embodiment, the result
may contain a list of URLs of ads contained on ad content
servers—like the ad server 57—for the most applicable ad
content. In one embodiment, the list at block 74 may include
a respective ad-specific URL for each viewer-specific per-
sonalized ad that may be sent to the hybrid terminal 44 and
supporting metadata for each such ad. The metadata may
include, for example, information about duration of the
viewer-specific ad. As noted, each ad-specific URL identifies
a respective content server, such as the ad server 57, from
which a corresponding viewer-specific personalized ad is to
be retrieved by the hybrid terminal 44.

In step-6 (block 75), the SP headend 59 may populate
another ART with information corresponding to the SCTE
35 markers to identify ad insertion points to the hybrid
terminal 44. The SP headend 59 may prepare this second
ART with a different indication, and send that table to the
hybrid terminal 44—through the MPEG2 TS being deliv-
ered to the terminal 44—to notify the hybrid terminal 44 of
available ad insertion slots coming up within the MPEG2
TS. This other ART may be a second ART populated with a
different indication such as, for example, a service_code
field having a value of “2” (SC=2), as shown in the exem-
plary embodiments of FIGS. 7B-7C (discussed later). This
second ART thus enables the hybrid terminal 44 to select—
from the ad list received at block 74—at least one viewer-
specific personalized advertisement that may be time-wise
possible for a specific ad insertion slot coming up within the
transport stream. The ART (with SC=2) at block 75 may be
delivered via the MPEG2 TS a short period of time before
the respective ad insertion point to allow the hybrid terminal
44 to make the necessary broadband connections needed to
retrieve the ads and establish any buffering to ensure a
smooth splicing of the personalized ad.

Collectively, the ARTs at blocks 70, 75 enable the hybrid
terminal 44 to manage placement of interstitial program-
ming during playback of the television programs carried in
the transport stream. Thus, the present disclosure effectively
compensates the traditional removal of SCTE-35 ad inser-
tion markers by providing a table in the transport stream that
contains information corresponding to those removed mark-
ers, thereby enabling the hybrid terminal to determine tim-
ing of upcoming ad insertion slots

In step-7 (block 76), the hybrid terminal 44 may process
the incoming ART in the TS containing ad replacement
opportunities, which are indicated by SC=2 in the ART.
Through this processing, the time slots for the possible ads
that could be associated with an ad insertion point may be
notified to a local ad splicer in the terminal 44. An exemplary
local ad splicer 87 is shown in FIG. 6, which is discussed
later below.

In step-8 (block 77), using its broadband connection, the
hybrid terminal 44 may retrieve/fetch the personalized ad(s)
from one or more ad content servers using the URLs
obtained in step-5 (block 74). The Ad Server 57 in FIGS. 3-4
and 6 is an example of such content servers; additional ad
servers or content servers are not shown for the sake of
simplicity. It is observed here that, in one embodiment, the
ART at block 75 may indicate the total time available for the
ad placement, and based on this information, a local Ad
Decision Manager (ADM) may use its internal selection
algorithm to choose one or more ads from those retrieved to
fill the available time slot. As noted before, information
about duration of a viewer-specific ad may be reported as
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part of the ad list at block 74, and this information may be
used by the local ADM to determine which ad(s) may be
time-wise possible for insertion into the available time slot.
An exemplary local ADM 88 is shown in FIG. 6, which is
discussed later below.

In step-9 (block 78), the ad(s) retrieved at block 77 may
be inserted by the terminal’s ad splicer into the appropriate
place in the transport stream, thereby replacing the local or
regional or national ad placed there by the SP or the
originating broadcaster.

In step-10 (block 79), using its broadband connection, the
hybrid terminal 44 may report the ad placement at block 78
to the ADS 60 whose URL is already received by the
terminal 44 in step-1 (block 70). This step may be optional
in certain embodiments. In one embodiment, the ADS 60
may forward this report of the ads placed to any appropriate
entity within the broadcast network 46 or external to the
broadcast network 46 for further analysis and record-keep-
ing. Such entity may include, for example, the analytics DB
63 or an external server (not shown) that may correlate/
analyze the user’s pre-reported viewing preferences vis-a-
vis the personalized ads shown to the user, possibly to
further improve personalization.

In one embodiment, the step-8 (block 77) may be modi-
fied to retrieve all the ads identified by the list of URLs at
block 74. The ads may be cached in the hybrid terminal 44.
As the ad insertion slots are identified by ARTs with SC=2
(as shown, for example, in FIGS. 7B-7C), the ads may be
placed sequentially in the available ad slots. The hybrid
terminal 44 may cycle through the cached ads until the SP
instructs the cache to be cleared. In one embodiment, the SP
may trigger a refresh of the ad results or ad cache in the
hybrid terminal 44 by sending an updated ART with a
service_code=1, which indicates to the terminal 44 that the
updated ART contains a URL pointing to the ADS 60. This
action may be similar to step-1 (block 70) and may prompt
the terminal 44 to contact the ADS 60 for an updated ad list.
In this manner, the personalized ads may remain timely with
respect to any ongoing ad campaigns and may also benefit
from additional analytics data.

In one embodiment, if the initial HTTP request (with the
user ID) to the ADS 60 in step-3 (block 72) does not return
any or enough personalized ads in step-5 (block 74), then the
hybrid terminal 44 may continue to display the local or
regional ads already present in the broadcasted program
being received through the transport stream. As mentioned
earlier, there may not be any or enough personalized ads for
the user 52 if the user does not subscribe to personalized ad
insertions, for example, by not providing user-specific per-
sonal information to the service provider or, for some
reason, there is no ad available that matches the user’s
personal preferences.

It is observed here that even when there are multiple
hybrid terminals in a subscriber household showing the
same program to associated viewers, these viewers will not
receive the same set of advertisements if they have sub-
scribed to personalized advertising. Each such viewer will
receive user-specific personalized ads because the aug-
mented URL at step-3 (block 72) will be unique for each
user because of the presence of individual User ID and
individual device ID (of the hybrid terminal associated with
the user) therein. Thus, each request for ads in step-3 will be
uniquely user-specific. As a result, each user-specific termi-
nal will receive corresponding personalized ad list for the
respective user from the ADS 60 in step-5 (block 74).

FIG. 5 is an example of the syntax/format of an Ad
Replacement Table (ART) 82 according to one embodiment
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of the present disclosure. The table 82 shows an indicative
representation—using an Abstract Syntax Notation One
(ASN.1) type syntax—of the data to be carried in a transport
stream-based ART (which may be a DVB SI table as noted
before) delivered by the broadcast network 46 to the hybrid
terminal 44 according to particular embodiments of the
present disclosure. The ART 82 may be carried in a Packet
Identifier (PID) whose value may be defined outside the
standardized values currently assigned in the earlier-men-
tioned ANSI/SCTE 35 standard, titled “Digital Program
Insertion Cueing Message for Cable” (2013). Currently, a
PID is a unique 13-bit value used to identify the type of data
stored in the packet payload. The DVB or another organi-
zation such as ATSC or ISDB may assign a standard value
to this table 82 for industry-wide usage. It is noted here that,
in one embodiment, the DVB SI-based table 82 is merely an
example of a transport stream-based table as per teachings of
the present disclosure. The solution according to the present
disclosure is not specific to DVB-based broadcast networks.
A table similar to the table 82 may be configured for other
broadcast standards such as ATSC and ISDB to provide
timing information to hybrid terminals receiving broadcast
content/signals in broadcast networks based on those stan-
dards.

Each ART 82 being sent to the hybrid terminal 44 may
contain one of the three choices—(i) the URL string of the
ad decision server or MPEG DASH manifest (discussed
later with reference to FIGS. 8-10); or (ii) the actual MPEG
DASH manifest (referred to as “mpd” in FIG. 5); or (iii) the
ad_slots sequence. When the service_code field has the
value “1” (SC=1), the service_descriptor field contains the
first choice—namely, the URL of a decision server, such as
the SP’s ADS 60. The randomizer field also may be present
in the ART 82 when SC=1. On the other hand, when SC=2,
the randomizer field may not be present in the table being
delivered to the hybrid terminal. When the service_code
field has the value “2” (SC=2), the service_descriptor field
contains the third choice—namely, the ad_slots sequence,
which specifies a sequence of the ad slots available for ad
insertion and associated with the timeline of the broadcasted
program currently being viewed by the user 52. In the ART
82, the start_time field for an ad slot may be a timestamp that
reflects a frame-accurate point for the respective ad slot in
the broadcasted program being delivered through the
MPEG2 TS. The ad slot may be identified using the ad_s-
lot_id field. The slot_duration field may be an integer
representing the duration of the ad slot in seconds. In one
embodiment, the randomizer field may be optional. The
randomizer field may have an integer value expressing the
number of seconds of delay that each hybrid terminal
receiving the ART 82 may need to calculate—in tenths of
seconds—that is less than a pre-determined randomizer
window size. Once the calculated delay exceeds the pre-
determined randomizer time window, a hybrid terminal may
be then allowed to perform the HTTP GET request at step-3
(block 72) in FIG. 4. This requirement may prevent the
HTTP server, such as the ADS 60, processing the ad decision
requests from getting overloaded with a massive burst of
requests from all the hybrid terminals receiving the same
ART, for example, as a result of their respective viewers
watching the same broadcast program/channel whose TS
contains the ART. On the other hand, when the service_code
field has the value “3” (SC=3), the service_descriptor field
contains the second choice, namely the string representation
of the MPEG DASH manifest which depicts the upcoming
ad splice points. Furthermore, when the service_code field
has the value “4” (SC=4), the service_descriptor field con-
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tains the first choice, namely the URL which the hybrid
terminal 44 can dereference to obtain an MPEG DASH
manifest which depicts the upcoming ad splice points. In one
embodiment, when the service_code contains the values “3”
or “4”, the manifest stored in the “mpd” field or fetched by
resolving the url field, respectively, complies with the
semantics illustrated in FIG. 10.

FIG. 6 depicts exemplary functional components and
interactions therein for a group of system components
shown as part of the broadcast system 42 in FIG. 3. For ease
of discussion, the same system components in FIGS. 3 and
6 are identified using the same reference numerals. As
shown in FIG. 6, the SP headend 59 may include a splicer
84 and an Ad Decision Manager (ADM) 85, whereas the
hybrid terminal 44 may also include a corresponding local
splicer 87 and a local ADM 88. A splicer may process an
incoming audio-visual program content stream—whether
ES or TS—and splice the stream at ad insertion points to
insert appropriate ads under the “guidance” of the respective
ADM. In one embodiment, the ADM functionality may be
implemented as part of the respective splicer. An MPEG2 ES
block 90 may represent the functionality of the VPS 54,
whereas an MPEG-2 TS block 92 may represent the trans-
port stream that is delivered to the hybrid terminal 44 with
ARTs defined according to particular embodiments of the
present disclosure. The numbers in the parentheses corre-
spond to the numbered steps shown in FIG. 4 and discussed
earlier. For example, the ad retrieval step-8 in FIG. 4 is
shown by a solid arrow from the ad server 57 to the local
splicer 87 in the hybrid terminal 44, interactions between the
hybrid terminal 44 and the ADS 60 at steps 3, 5, and 10 in
FIG. 4 are indicated by a broken arrow from the ADM 88 in
the terminal 44 to the ADS 60, the database querying step-4
is shown by multiple broken arrows from the ADS 60 to the
databases 62-64, and so on. In FIG. 6, the unbroken or solid
lines/arrows are used to illustrate media (or program/adver-
tisement content) flow between two functional components,
whereas the broken lines/arrows illustrate flow of control
signals between two functional components. Thus, for
example, the internal processing steps 2, 7, and 9 in FIG. 4
are shown by broken arrows internal to the terminal 44,
whereas the broadband-based ad retrieval step-8 is shown by
a solid arrow from the ad server 57 to the local splicer 87.
The local splicer 87 may insert the retrieved ads at appro-
priate time slots within the received MPEG2 TS (block 92).
Similarly, as symbolically illustrated by broken arrow 94,
the splicer 84—in the role of the ADM 85—may query the
ADS 60 for appropriate advertisements to be placed at ad
insertion points indicated by corresponding SCTE 35 mark-
ers before the markers are removed from the MPEG2 TS.
These ads may function as “default ads” in the absence of
personalized ads, as discussed earlier. Similarly, the ADM
88 may consult the ADS 60 for appropriate personalized ads
to be retrieved by the splicer 87 at step-8 in FIG. 4, and may
then instruct the splicer 87 to perform the ad replacement
step-9 in FIG. 4. The splicer 87 may then send the inserted
ad for playback to the viewer on the hybrid terminal’s
screen, as indicated at arrow 95. For the sake of brevity,
additional discussion of FIG. 6 is not provided in view of the
detailed discussion of FIGS. 3-4.

It is noted here that the SP headend 59 is an example of
a network entity in FIGS. 3-4 and 6 that may be configured
to perform insertion of an ART—which may be a DVB SI
table in one embodiment—in the MPEG2 TS. Generally
speaking, the present disclosure contemplates a broadcast/
multicast network-based action of replacing the existing ad
insertion markers in the transport stream of broadcast/
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multicast content with a table containing information cor-
responding to the timing information conveyed by such
markers. The specific network entity or functional unit
performing such replacement and/or delivering the table-
containing transport stream to a hybrid terminal may vary
from one implementation to another.

FIGS. 7A-7C illustrate how ARTs may be sent via an
MPEG2 TS according to particular embodiments of the
present disclosure. FIG. 7A shows an MPEG2 TS 97 includ-
ing two Program Specific Information (PSI) tables—a Pro-
gram Association Table (PAT) 99, and a Program Map Table
(PMT) 100. The TS 97 is also shown with the broadcasted
TV content portion/transport stream 102 for one of the
programs—here, Program-1—mentioned in the PAT 99. As
is known, a PAT lists all programs available in the transport
stream. Each of the listed program may have an associated
Packet Identifier (PID) value for its PMT. Thus, PMTs
contain information about programs listed in the PAT. There
may be one program-specific PMT for each program listed
in the PAT. For example, an exemplary PMT for Program-1
(or P1) in the PAT 99 is shown using reference numeral
“100” in FIG. 7A. The PMTs provide information on each
program present in the transport stream, including the pro-
gram number, and list the elementary streams that comprise
the described MPEG2 program. For example, the PMT 100
for Program-1 indicates and the TS content portion 102
shows that P1 contains a video stream (P1: Video) 104, an
audio stream (P1: Audio) 105, and SCTE 35 markers 107-
109, among other content. In the illustration of FIG. 7A, the
ad insertion marker 107 identifies time slots or ad insertion
points for advertisement blocks “Ad2” and “Ad3”, the
marker 108 identifies time slot for the ad block “Ad4,” and
the marker 109 identifies the ad insertion point for the ad
block “Ad5.” As noted earlier, these markers 107-109 may
be used by a headend, such as the SP headend 59 in FIG. 3,
solely in the creation of the transport stream 102 for Pro-
gram-1 to indicate advertising opportunities within the
broadcasted TV program. The markers in transport stream
102 indicate that Ad 2, Ad 3, Ad 4 and Ad 5 may be replaced
by a downstream node. As also noted earlier, these existing
markers 107-109 are typically removed by the headend
before the TS 97 is delivered to a hybrid terminal, such as
the hybrid terminal 44 in FIG. 3, in a conventional television
broadcasting system.

It is pointed out here that, in FIGS. 7A-7C and also in
FIG. 8, the video, audio, and other information tables, such
as SCTE 35 markers or ARTs, are not shown in their
segmented and multiplexed form for ease of visualization. In
actual implementation, an MPEG2 TS may carry many
different broadcasted programs and each program may have
its own set of such tables. Hence, these tables for such
programs may be segmented and/or multiplexed during
transmission of the TS to a subscriber terminal. It is also
pointed out here that the MPEG2 TS shown in FIGS. 7-8 is
used as an example of a transport stream for broadcast/
multicast programs, and, similarly, the ART is also used as
an example of a transport stream-based table replacing ad
insertion markers as per the teachings of the present disclo-
sure. As noted before, the ART may be a DVB SI table. A
similar table may be implemented in a non-DVB system
such as, for example, in an ATSC or ISDB defined transport
stream.

FIG. 7B shows an MPEG2 TS 111, which is essentially
the same as the TS 97 in FIG. 7A, except that the SCTE 35
markers 107-109 in the TS 97 are now replaced with
corresponding ART tables 113-115 carried in the Service
Information (SI) of the TS 111 as per teachings of the present
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disclosure. Hence, the same reference numerals are used in
FIGS. 7A and 7B to refer to the same tables/content, but the
reference numeral “117” is used in FIG. 7B for the program
portion of Program-1 to distinguish it from the program
portion 102 in FIG. 7A because of the presence of the ARTs
113-115 in the TS 111 of FIG. 7B. As shown in FIG. 7B, the
initial ART 113 may contain a different indication (the SC=1
value) than each subsequent ART 114-115 with the value of
SC=2. Each ART 113-115 may have a format similar to that
of'the exemplary ART 82 in FIG. 5. In one embodiment, this
MPEG2 TS 111 may be delivered to the hybrid terminal 44
to enable the hybrid terminal 44 to manage placement of
personalized ads in the manner described before. For
example, upon receipt of the ART 113, the hybrid terminal
44 may contact the ADS 60 for an ad list, and the subsequent
ART 114 may enable the hybrid terminal to insert person-
alized ads in the ad slots “Ad2” through “Ad4.” In one
embodiment, the combination of the ARTs 113-114 in FIG.
7B may be considered to provide the ad insertion opportu-
nity corresponding to the replaced SCTE markers 107-108
in FIG. 7A, and the combination of the ARTs 113 and 115
in FIG. 7B may be considered to provide the ad insertion
opportunity corresponding to the replaced ad insertion
marker 109 in FIG. 7A. More generally, a single ART may
replace one or more SCTE 35 markers in particular embodi-
ments. Alternatively, a combination of ARTs may be used to
convey the necessary timing information of multiple SCTE
35 markers to a hybrid terminal.

FIG. 7C shows an MPEG2 TS 120, which is similar to the
TS 111 in FIG. 7B, except that the TS 120 includes SI tables
122-124 in addition to the ARTs 113-115 in the TS 111.
Hence, the same reference numerals are used in FIGS. 7B
and 7C to refer to the same tables/content, but the reference
numeral “125” is used in FIG. 7C for the program portion of
Program-1 to distinguish it from the program portion 117 in
FIG. 7B because of the presence of the additional SI tables
122-124 in the TS 120 of FIG. 7C. In one embodiment, each
new SI table 122-124 may be an Application Information
Table (AIT) that signals to the hybrid terminal receiving the
TS 120 that the ad slot associated with the corresponding
AIT has interactivity enabled. For example, the AIT 122
may indicate that the second ad slot (Ad2) has interactivity
enabled, and the viewer watching the ad associated with that
ad slot may interact with the ad. Similarly, the AIT 123
signals that the ad slot Ad4 contains an ad that allows the
viewer to interact with it, and the AIT 124 indicates that the
ad in the Ad5 slot has interactivity enabled for it. A user/
viewer may interact with an ad for which interactivity is
enabled through AITs in a broadcast program’s transport
stream. Thus, in the embodiment of FIG. 7C, a viewer may
not only receive personalized ads, but may also be able to
interact with some of those ads.

It is seen from the above discussion that the embodiments
in FIGS. 4-7 make use of a broadcast network’s backend
systems/databases to enable a hybrid terminal to make an ad
placement decision. In one embodiment, an SP’s ADS may
access backend databases using the architecture defined in
the earlier-mentioned ANSI/SCTE 130-3 document, titled
“Digital Program Insertion—Advertising Systems Inter-
faces Part 3: Ad Management Service (ADM) Interface”
(2013). The present disclosure provides a user “token”
which identifies the user’s preferences in the SP’s subscriber
database. Thus, the subscriber database provides the neces-
sary targeting matched with additional information based on
analytic data and ongoing ad campaigns to substantially
personalize the delivery of ad contents. The SI table-based
solution uses an augmented service field in the transport
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stream to identify both the ADS as well as placement
opportunities. Current industry solutions offer “personaliza-
tion” at a subscription or even broader level, through demo-
graphics data or analytics data. In contrast, the ads selected
as per teachings of the present disclosure are truly person-
alized for a specific end user, as opposed to targeted based
on general demographics information. Hence, the method-
ology of the present disclosures allows the SP to charge
more from the ad publisher for the ad impression.

FIG. 8 illustrates how an MPEG DASH manifest may be
delivered to a hybrid terminal, such as the hybrid terminal 44
in FIG. 3, via a broadcast transport stream to signal timings
of available advertising slots for terminal’s placement of
advertisements. More details about an MPEG DASH based
manifest may be obtained from the International Organiza-
tion for Standardization (ISO)/International Electrotechnical
Commission (IEC) standard 23009-1, titled “Information
technology—Dynamic adaptive streaming over HTTP
(DASH)—Part 1: Media presentation description and seg-
ment formats” (2014), and available at www.iso.org; the
relevant disclosure of this standard is incorporated herein by
reference in its entirety. The HTTP protocol is discussed, for
example, in the Internet Engineering Task Force (IETF)
Request for Comments (RFC) 2616, titled “Hypertext Trans-
fer Protocol—HTTP/1.1” (June 1999), and available at
www.ietf.org; the relevant disclosure of this document is
incorporated herein by reference in its entirety. MPEG
coding related information may be obtained from the ISO/
IEC standard 13818-1, titled “Information technology—
Generic coding of moving pictures and associated audio
information—Part 1: Systems” (2013), and available at
www.iso.org; the relevant disclosure of this standard is
incorporated herein by reference in its entirety.

An exemplary MPEG2 TS 127 that may be sent by the SP
headend is shown in FIG. 8. The TS 127 is shown to contain
a PAT 129 and a PMT 130 (for Program-1 in the PAT), which
may be similar to the PAT 99 and PMT 100, respectively, in
FIGS. 7A-7C, and, hence, additional discussion of PAT 129
and PMT 130 is not provided herein for the sake of brevity.
The TS 127 is also shown with a broadcast TV program
portion 132 for Program-1 (P1). The PMT 130 for Pro-
gram-1 indicates and the broadcast content portion 132
shows that P1 contains a video stream (P1: Video) 134, an
audio stream (P1: Audio) 135, and a plurality of SI tables
(P1: SI) 137-138, among other content. In one embodiment,
the SI tables 137-138 are ARTs, an exemplary format for
which is shown in FIG. 5. In the embodiment of FIG. 8, the
audio-visual program content portion 132 shows two avails
140-141, instead of ad slots labeled “Ad1,” “Ad2,” “Ad3,”
and so on, as in case of the embodiments of FIGS. 7A-7C.
It is understood that an “avail” is a time space provided to
cable, satellite or terrestrial TV operators or video service
providers by national broadcasters during a program for use
by the former for placement of ads. Generally, this time is
used for showing local/regional advertisements. Hence,
typically, the “avail” time is usually sold to local advertisers
by such service providers or used for self promotion.

In one embodiment, an MPEG DASH manifest may be
directly embedded in an MPEG transport stream of a broad-
cast/multicast TV signal as shown in the context of the ART
137 in the TS 127. The ART 137 may include a Media
Presentation Description (MPD) 143 representing the
MPEG DASH manifest associated with the avail 140. In an
alternative embodiment, the MPEG TS that is broadcast or
multicast may carry a reference/link to the MPEG DASH
based manifest, which may be then fetched by the terminal/
STB upon reception of the reference/link. This link-based
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implementation is shown in FIG. 8 in the context of the ART
138 in the TS 127. As shown, the ART 138 may include a
URL 144 that allows a terminal, such as the terminal 44 in
FIG. 3, to access a server (not shown in FIG. 3) in the SP’s
broadcast network through a broadband connection to
receive the MPD (manifest) 145 associated with the avail
141. How the manifests 143, 145 signal available advertis-
ing time slots to a hybrid terminal is discussed later below
with references to FIGS. 9-10. In one embodiment, in view
of the presence of the MPD 143 or the URL 144, the
respective ART 137 or 138 may not include the randomizer
field shown in FIG. 5.

In contrast to the embodiments in FIGS. 7B-7C, a new
ART 137 (with SC=3) may be used in the embodiment of
FIG. 8 to deliver the MPD 143. Similarly, another new ART
138 (with SC=4) may be used to deliver the URL 144. The
ARTs in the embodiments of FIGS. 7B-7C have different
values for the service_code (SC) field—namely, SC=1 and
SC=2.

Although the discussion herein is in the context of using
an MPEG DASH based manifest format in a television
broadcast/multicast environment, the discussion may
equally apply to an equivalent manifest format chosen from
another adaptive bit rate technology such as, for example,
Microsoft’s Silverlight or Apple’s HTTP Live Streaming
(HLS). Furthermore, the MPEG2 TS 127 is used as an
example of an MPEG-based TS in a DVB television net-
work. The manifest may be embedded within an ART in the
MPEG transport stream of an ATSC or ISDB broadcast
network, or in a multicast delivered media stream such as,
for example, Internet Group Management Protocol (IGMP)
based multicast stream or Multicast Listener Discovery
(MLD) based multicast stream.

In one embodiment, an MPEG DASH manifest, such as
the MPDs 143, 145, may contain information about the
current TV program and the upcoming advertising insertion
slots as well as information to return the terminal/STB back
to the program after the advertising material is played out.
The current TV program is the program which carried or
signaled the manifest to the hybrid terminal. Also, it would
be desirable to return to the same program source after
insertion of the advertising material to maintain the presen-
tation timeline of the program.

Referring again to FIG. 8, the same manifests 143, 145
may be delivered to all terminals/STBs that are “tuned” to
the channel where personalized ad insertion may occur. The
content of each manifest 143, 145 describes the program
breaks or avails in which advertisement insertion can occur
for that channel. The manifests 143, 145 may also provide
the links to advertising sources that may provide the ads for
the respective program break. In one embodiment, these
sources may provide personalized ads for a viewer. The
hybrid terminal may choose an appropriate advertising
source for a particular time slot depending, for example, on
the delivery format of the advertisement content. These and
other aspects are discussed below with reference to FIGS.
9-10.

FIG. 9 shows an exemplary sequence of main TV pro-
grams 147-150 and associated avails 140-141 in the broad-
cast content portion 132 of the MPEG2 TS 127 in FIG. 8.
Exemplary timestamps associated with the programs are
also shown using the values (in seconds) such as t=0, t=600,
=690, and so on. These timestamps are collectively identi-
fied using the reference numeral “152.” It is seen from the
exemplary illustration in FIG. 9 that the first avail 140
represents a time slot of 90 seconds (between the timestamps
=600 and t=690) and the second avail 141 represents a time
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slot of 120 seconds (between the timestamps t=1770 and
t=1890). It is shown in FIG. 9 that the TV program contents
147-150 may be provided by Source-1, whereas advertising
content for the avail 140 may be available from two different
sources—Source-2 and Source-3, and the advertising con-
tent for the avail 141 may be available from only Source-3.
Source-2 may offer three ads 154-156, whereas Source-3
may offer ads 157-159. These advertising sources—
Source-2 and Source-3—may offer different delivery for-
mats for the advertising material as discussed below with
reference to FIG. 10. As discussed later, the hybrid terminal
may use the received manifest to select appropriate adver-
tising material for the avail spaces 140-141.

FIG. 10 is an exemplary pseudo representation of an MPD
manifest, such as the first MPD manifest 143 in FIG. 8, for
the program sequence in FIG. 9. A similar representation
may be generated for the other MPD 145 in FIG. 8. As
shown using reference numerals “161” and “162” in FIG.
10, the manifest 143 covers timing information starting with
timestamp t=0 until the end of the Program Part-3, which is
identified by reference numeral “149” in FIG. 9 and having
the duration of 600 seconds (starting with timestamp t=1170
and ending with the timestamp t=1770). In one embodiment,
at repeated intervals during t=0 and t=600 timestamps, a
manifest, like the MPD 143, may be provided or linked to
the Program Part-1 (reference numeral “147”) in the TS 127
in FIG. 8. For ease of illustration, only one such occurrence
of the MPD 143 is shown in FIG. 8. It is noted here that
although the timestamps indicated in FIGS. 9-10 are for
informational purpose only, such timestamps likely may be
the presentation timestamps in the broadcast or multicast
content.

It is observed from the manifest 143 in FIG. 10 that the
advertising Source-2 and Source-3 may provide advertising
material in different delivery formats. For example, as
indicated at arrows 163-165 in FIG. 10, the Source-2 may
provide advertising material using a Fixed Bit Rate (FBR)
delivery format for ads 154-156—indicated as “adslotl”
through “adslot3” and “type=fbr” in FIG. 10. Such FBR
delivery format may represent progressive playout mecha-
nisms such as Real Time Streaming Protocol (RTSP) or
HTTP streaming. On the other hand, as indicated at arrow
166, the Source-3 may provide advertising material using an
Adaptive Bit Rate (ABR) delivery format for ad 157—
indicated as “adslot3adaptive” and “type=abr” in FIG. 10.
Such ABR delivery format may represent multi-bitrate play-
out mechanisms such as MPEG DASH based content deliv-
ery, HTTP Live Streaming (HLS), or Smooth Streaming.
Thus, the manifest 143 could signal the availability of
advertising in many different formats, such as a single clip
for download-and-play or for progressive playout or a
multi-bitrate format. In the manifest 143 in FIG. 10, the
arrows 167-169 indicate that the program contents 147-149
are delivered as DVB broadcasts. In one embodiment, in
addition to or in place of different formats, the contents of
the advertising materials from different sources may be
different as well.

The manifest 143 in FIG. 10 may indicate at arrows
163-165 that, in case of Source-2, there may three different
ads (Ad1-Ad3) 154-156, each having a duration of 30
seconds, to fill the 90-second timeslot 140. The arrow 166
indicates that the Source-3 may provide a single ad (Ad3")
157 to fill the last 30-second portion of the avail 140—
starting with the timestamp t=660. In one embodiment, all of
these potential ads may be personalized as discussed here-
inbefore for the viewer of the hybrid terminal receiving the
manifest 143. In one embodiment, the hybrid terminal may
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choose the first two ads 154-155 from the Source-2 and
the last ad 157 from the Source-3 for the avail 140. Although
not shown in detail like FIG. 10, the manifest 145 may
similarly signal the timings of the avail 141 as well as the
source(s)—here, the single Source-3—that have advertise-
ment(s) available for that timeslot.

The manifest 143 may be provided through the TS 127
sufficiently in advance of its associated avail 140 to enable
the receiver terminal, such as the hybrid terminal 44 in FIG.
3, to process the manifest and obtain appropriate ad content
via its broadband connection before the commencement of
the avail 140. In one embodiment, the hybrid terminal 44
may parse the manifest 143 and request the appropriate
advertisement content for each “ad slot” of 30-second inter-
val in the avail 140 from one or more servers/sources, like
Source-2 and Source-3, identified by respective URLSs in the
manifest 143. In one embodiment, instead of providing
URLs of individual sources qualified to supply ads for
respective avails, the manifest 143 may simply include a
single URL for the SP ADS 60. In that case, the hybrid
terminal 44 may concatenate personalization information to
the URL to obtain personalized ads as discussed earlier with
references to FIG. 4. In another embodiment, the signal flow
in FIG. 4 may be slightly modified to send a manifest-
containing ART at step-6 (block 75), which may be pro-
cessed at step-7 (block 76). Such manifest-containing ART
may just include the timestamp-based timing information
similar to that shown in FIG. 10, but may not include URLs
of advertising sources because such URLs may be already
received by the hybrid terminal in step-5 (block 74) of FIG.
4. Other ways to deliver manifest-containing ARTs in con-
junction with the embodiment of FIG. 4 may be suitably
devised.

Depending on the delivery format of the advertisement
content, the terminal/STB may request appropriate adver-
tising media files through its broadband connection. As
noted before, the actual advertising file may depend on
existing selection heuristics not relevant to the present
disclosure. In one embodiment, the terminal’s determination
of which advertisement file to download—and from which
of the available sources—before it is to be inserted in the
available time slot may be based on the availability of media
storage in the terminal, the bitrate available to perform the
download, additional information from the campaign man-
ager regarding ad availability, or other advertisement meta-
data made available to the terminal.

Because of the delivered manifests, when part of the main
program comes to an end, the terminal/STB may already
have the necessary information and media files to playout
the advertisement(s). In the case where different delivery
formats are available, the terminal may have already made
some determination on which delivery format or combina-
tion of delivery formats to use for available time slots. The
details of how the terminal makes such determination may
not be relevant to the present disclosure.

In one embodiment, the terminal/STB may also continue
to monitor the timestamps in the broadcast or multicast
transport stream to ensure that the playout of the advertise-
ment(s) switches back to the main program at appropriate
time. In one embodiment, the terminal may need to clip or
pad the advertising material to accomplish “seamless™ tran-
sition back to the main program.

It is observed that MPEG DASH is currently being
adopted in most aspects of streaming content delivery both
due to its ability to support variation in the available delivery
bitrate as well as its flexibility in supporting innovative
services. The embodiments in FIGS. 8-10 allow an MPEG
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DASH manifest to be delivered through a broadcast/multi-
cast transport stream and to be used at the consumer equip-
ment—hybrid terminal or STB—for providing insertion of
personalized advertisements. In one embodiment, such a
manifest could also be used to deliver non-commercial
interstitial programming, such as local or personal news
clips, audio content, and the like. Because broadcasting (or
multicasting over [P networks) of programming continues to
be a significant part of media delivery due to its efficiency
and scalability, the MPEG DASH manifest-based solution in
the embodiments of FIGS. 8-10 retains those advantages
while incorporating the advantages of personalized ad inser-
tion.

FIG. 11 is a block diagram of an exemplary hybrid
terminal, such as the terminal 44 in FIG. 3, according to one
embodiment of the present disclosure. In one embodiment,
as noted before, the terminal 44 may be an IPTV terminal,
or a hybrid terminal supporting IPTV functionality or
including IP-STB features to process IP multicast content.
As mentioned before, the hybrid terminal 44 in FIG. 11 may
be configured to perform the relevant terminal-based opera-
tions discussed before with reference to FIGS. 2B through
10. Thus, in one embodiment, the terminal 44 may include
a processor 172 that may be “configured” in hardware and
in software, if necessary, to support the personalized ad
insertion aspects of the present disclosure. In FIG. 11, the
processor 172 is shown coupled to a system memory 174, a
peripheral storage unit 176, an output device such as a
display unit 177, and a network interface unit 179. In some
embodiments, the terminal 44 may include more than one
instance of the devices 172,176-177, and 179 shown in FIG.
11.

In particular embodiments, the processor 172 may include
more than one core, and/or the terminal 44 may include
more than one processor, for example, in a distributed
processing configuration. When the terminal 44 is a multi-
processor system, there may be more than one instance of
the processor 172 or there may be multiple processors (not
shown) coupled to the processor 172. It will be appreciated
that terminal-related tasks discussed hereinbefore represent
various processes which may be substantially performed by
the processor 172 in FIG. 11. The processor 172 may
include, by way of example, a general purpose processor, a
special purpose processor, a conventional processor, a digi-
tal signal processor (DSP), a plurality of microprocessors,
one or more microprocessors in association with a DSP core,
a controller, a microcontroller, Application Specific Inte-
grated Circuits (ASICs), Field Programmable Gate Arrays
(FPGAs) circuits, any other type of integrated circuit (IC),
and/or a state machine. The processor may also employ
distributed processing in certain embodiments.

In various embodiments, the system memory 174 may
comprise any suitable type of non-transitory memory, such
as Fully Buffered Dual Inline Memory Module (FB-DIMM),
Double Data Rate or Double Data Rate 2, 3, or 4 Synchro-
nous Dynamic Random Access Memory (DDR/DDR2/
DDR3/DDR4 SDRAM), Rambus® DRAM, flash memory,
and of various types of Read Only Memory (ROM), and the
like. In one embodiment, the system memory 174 may
include multiple discrete banks of memory controlled by
discrete memory interfaces in the embodiments of the pro-
cessor 172 that provide multiple memory interfaces. Also, in
some embodiments, the system memory 174 may include
multiple different types of memory, as opposed to a single
type of memory. In one embodiment, the system memory
174 may store program code, which may be executed by the
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processor 172 and, upon execution, the hybrid terminal 44
may be operative to perform various terminal-related steps
discussed hereinbefore.

Some or all aspects of the hybrid terminal-based tasks or
processing steps may be implemented in a computer pro-
gram, software, firmware, or microcode incorporated in a
non-transitory, computer-readable storage medium, such as
the memory 174, for execution by a general purpose com-
puter or a processor, such as the processor 172. In particular
embodiments, such computer-readable medium may be part
of the peripheral storage 176, or may be part of the system
memory 174 or a processor’s internal memory, like the
internal memory (not shown) of the processor 172. The
processor 172 may execute instructions stored on a related
computer-readable medium to carry out the software-based
processing to enable the hybrid terminal 44 to perform
terminal-related steps discussed hereinbefore. Examples of
computer-readable storage media include a Read Only
Memory (ROM), a Random Access Memory (RAM), a
digital register, a cache memory, a cloud-based storage
system, semiconductor memory devices, magnetic media
such as internal hard disks, magnetic tapes and removable
disks, magneto-optical media, and optical media such as
CD-ROM disks and Digital Versatile Disks (DVDs).

The peripheral storage unit 176, in various embodiments,
may include support for various non-transitory storage
media such as, for example, magnetic, optical, magneto-
optical, or solid-state storage media like hard drives, optical
disks (such as CDs or DVDs), non-volatile RAM devices,
and the like. In some embodiments, the peripheral storage
unit 176 may include more complex storage devices/systems
such as disk arrays (which may be in a suitable RAID
(Redundant Array of Independent Disks) configuration) or
Storage Area Networks (SANs), which may be coupled to
the processor 172 via a standard Small Computer System
Interface (SCSI), a Fibre Channel interface, a Firewire®
interface (Institute of Electrical and Electronics Engineers
(IEEE) 1394 interface), or another suitable interface.

In one embodiment, the memory 174 may store the
advertisement list and the advertisements themselves prior
to playout. Alternatively, in another embodiment, the periph-
eral storage unit 176 may perform such storage.

In particular embodiments, the hybrid terminal 44 may be
operative to receive and process signals from a user-oper-
ated remote control (not shown). The display unit 177 may
provide a display of the received TV program and other
interstitial programming inserted by the processor 172 into
the received transport stream. In one embodiment, the
display unit 177 may include a TV screen with an audio
speaker. The TV screen may be touch-sensitive in particular
embodiments.

In one embodiment, the network interface unit 179 may
communicate with the processor 172 to enable the terminal
44 to couple to the broadcast network 46 and the broadband
network 20 shown in FIG. 3. The broadcast television
interface portion of the unit 179 may allow the hybrid
terminal 44 to receive broadcast television programming.
On the other hand, the broadband interface portion of the
unit 179 may allow the hybrid terminal 44 to interact with
television broadcast network servers, retrieve multicast tele-
vision programming, receive advertisements for subsequent
playout, and so on. The interface unit 179 may be configured
to enable the hybrid terminal 44 to connect to other types of
data networks as well. In one embodiment, the interface unit
179 may include any suitable devices, media and/or protocol
content for connecting the hybrid terminal 44 to other
devices or entities—whether through wired or wireless
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means, and whether within a single network or over a
combination of networks, including the Internet.

In one embodiment, the hybrid terminal 44 may include
an on-board power supply unit 180 to provide electrical
power to various system components illustrated in FIG. 11.
The power supply unit 180 may receive batteries or may be
connectable to an AC electrical power outlet. In one embodi-
ment, the power supply unit 180 may convert solar energy
into electrical power.

It is noted here that one or more of the processing entities
shown in FIG. 3, such as the VPS 54, the SP headend 59, the
ADS 60, the ad server 57, the STB 48, and the databases
62-64, may have architectural configuration similar to the
hybrid terminal’s configuration in FIG. 11. In some embodi-
ments, these entities may include more or less functional
components than those shown in FIG. 11. However, for the
sake of brevity, architectural details of each such entity is
neither shown nor described in detail in view of the discus-
sion of the configuration in FIG. 11. It is observed, however,
that, in alternative embodiments, one or more of these
entities and/or the hybrid terminal 44 may include additional
components responsible for providing additional function-
ality, including any of the functionality identified above
and/or any functionality necessary to support the solution as
per the teachings of the present disclosure. Although fea-
tures and elements are described above in particular com-
binations, each feature or element can be used alone without
the other features and elements or in various combinations
with or without other features and elements. As mentioned
before, the functions of various entities shown in FIG. 3 as
well as those of the hybrid terminal 44 in FIG. 11 may be
provided through the use of hardware (such as circuit
hardware) and/or hardware capable of executing software/
firmware in the form of coded instructions or microcode
stored on a computer-readable medium (mentioned above).
Thus, such functions in the embodiments of FIGS. 2A-10
are to be understood as being either hardware-implemented
and/or computer-implemented, and thus machine-imple-
mented.

The foregoing describes a system and method for signal-
ing timing and content of interstitial programming, such as
personalized ads, to a hybrid terminal via a television
broadcast/multicast network. The currently-present ad inser-
tion markers in the transport stream of the broadcast/multi-
cast content are replaced by a Service Information (SI) table
that contains information corresponding to the replaced
markers. The table-containing transport stream is then deliv-
ered to the hybrid terminal. The SI table may include a
manifest to signal upcoming time slots for advertising or
other interstitial programming. The manifest may provide
information about sources from which the hybrid terminal
can fetch personalized advertisements and may also identify
available time slots in the transport stream into which the
fetched ads may be inserted. To enable the hybrid terminal
to present highly individualized advertisements to its viewer,
the SI table may identify an Ad Decision Server (ADS) from
which the hybrid terminal can request targeted ads for
playback to the viewer watching a broadcast/multicast TV
program. As the personalized advertisements are deliber-
ately targeted at the end user, they can be charged at a
premium by the broadcast service provider or TV program-
ming provider.

As will be recognized by those skilled in the art, the
innovative concepts described in the present application can
be modified and varied over a wide range of applications.
Accordingly, the scope of patented subject matter should not
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be limited to any of the specific exemplary teachings dis-
cussed above, but is instead defined by the following claims.

What is claimed is:

1. A method of signaling interstitial programming to a
terminal via a television broadcast network for playback to
a viewer associated with the terminal, wherein the terminal
is coupled to the television broadcast network and wherein
the method comprises performing the following by the
television broadcast network:

receiving broadcast content containing television pro-

grams;

creating a transport stream of the broadcast content;

preparing a table containing information corresponding to

one or more ad insertion markers existing in the broad-
cast content and used solely in the creation of the
transport stream,

replacing, in the transport stream, the existing ad insertion

markers with the table; and
delivering the transport stream with the table to the
terminal to manage placement of interstitial program-
ming during playback of the television programs;

wherein the interstitial programming includes advertise-
ments, and the table includes a server Uniform
Resource Locator (URL) identifying a decision server
in the television broadcast network that manages selec-
tion of advertisements to the terminal;

wherein the method further comprises:

the decision server receiving from the terminal, infor-
mation individually identifying the viewer of the
terminal;

the decision server obtaining information about one or
more viewer-specific personalized advertisements to
be retrieved by the terminal for playback to the
viewer;

the decision server sending a result to the terminal,
wherein the result identifies viewer-specific person-
alized advertisements to be retrieved by the terminal,
information about a duration of each said viewer-
specific personalized advertisement, and a respective
content server for each said viewer-specific person-
alized advertisement;

wherein the table further includes an indication that
notifies the terminal of one or more ad insertion slots
available within the transport stream, thereby
enabling the terminal to select from the result sent by
the decision server, at least one viewer-specific per-
sonalized advertisement that is time-wise possible
for a specific ad insertion slot within the transport
stream.

2. The method of claim 1, wherein the terminal is a hybrid
terminal, and wherein the method comprises performing the
following by the television broadcast network as part of
delivering the transport stream:

delivering the transport stream with the table to the hybrid

terminal using at least one of the following options:
terrestrial broadcast,

satellite broadcast, and

cable broadcast.

3. The method of claim 1, wherein the terminal is an
Internet Protocol Television (IPTV) terminal, and wherein
the method comprises performing the following by the
television broadcast network as part of delivering the trans-
port stream:

delivering the transport stream with the table to the IPTV

terminal using IP multicast.

4. The method of claim 1, wherein the transport stream is
a Motion Picture Experts Group 2 (MPEG2) Transport
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Stream (TS), the table includes a first Digital Video Broad-
cast (DVB) System Information (SI) table, and the existing
ad insertion markers are Society of Cable Telecommunica-
tions Engineers 35 (SCTE 35) ad insertion markers.

5. The method of claim 4, wherein the method further
comprises performing the following by the television broad-
cast network as part of delivering the MPEG2 TS with the
first DVB SI table to the terminal:

including one of the following in the first DVB SI table:

an MPEG Dynamic Adaptive Streaming over Hyper-
text Transfer Protocol (DASH) based manifest asso-
ciated with the broadcast content, or

a Uniform Resource Locator (URL) to the MPEG
DASH based manifest,

wherein the MPEG DASH based manifest contains infor-
mation about timing of upcoming ad insertion slots
within the MPEG2 TS, and
wherein, for each ad insertion slot, the MPEG DASH
based manifest further contains one or more of the
following information:
identification of one or more sources available to
supply respective advertising material for the dura-
tion of the ad insertion slot, and
for each identified source, a source-specific delivery
format for the respective advertising material.
6. The method of claim 4, wherein the method further
comprises performing the following by the television broad-
cast network as part of delivering the MPEG2 TS with the
first DVB SI table to the terminal:
placing the server URL for the decision server in the first
DVB SI table; and

providing the first DVB SI table to the terminal with a first
indication that informs the terminal of the presence of
the server URL, thereby enabling the terminal to con-
tact the decision server for advertisements.

7. The method of claim 6, further comprising:

the decision server receiving a request from the terminal,

wherein the request includes the information individu-
ally identifying the viewer of the terminal; and

the decision server querying one or more databases to

obtain the information about one or more viewer-
specific personalized advertisements to be retrieved by
the terminal for playback to the viewer;
wherein the result sent from the decision server to the
terminal includes a respective ad-specific URL for each
viewer-specific personalized advertisement, and

wherein each ad-specific URL identifies the respective
content server from which a corresponding viewer-
specific personalized advertisement is to be retrieved
by the terminal.

8. The method of claim 7, wherein the table further
includes a second DVB SI table, and wherein the method
further comprises performing the following by the television
broadcast network:

preparing the second DVB SI table with a second indi-

cation that notifies the terminal of the one or more ad

insertion slots available within the MPEG2 TS; and
delivering the second DVB SI table with the second

indication to the terminal via the MPEG2 TS.

9. The method of claim 1, wherein the method further
comprises performing the following by the television broad-
cast network:

receiving viewer-specific information from the viewer,

wherein the viewer-specific information includes per-

sonal user preferences of the viewer along with the

information individually identifying the viewer;
storing the received viewer-specific information; and
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using the stored viewer-specific information to select the
one or more viewer-specific personalized advertise-
ments to be sent to the terminal for playback to the
viewer.

10. A method of presenting interstitial programming on a
terminal associated with a viewer, wherein the terminal is
coupled to a television broadcast network that delivers
broadcast television programs to the terminal, and wherein
the method comprises performing the following by the
terminal:

receiving a transport stream of the broadcast television

programs from the television broadcast network,
wherein the transport stream includes a table that
contains timing information which is equivalent to the
timing information conveyed by ad insertion markers
that were previously present in the broadcast content
prior to the receipt of the transport stream by the
terminal;

processing the timing information in the table to identify

time slots in the transport stream that are available for
interstitial programming; and

managing placement of interstitial programming in the

identified time slots during playback of the television
programs on the terminal;
wherein the transport stream is a Motion Picture Experts
Group 2 (MPEG2) Transport Stream (TS), the table
includes a first Digital Video Broadcast (DVB) System
Information (SI) table, and the ad insertion markers are
Society of Cable Telecommunications Engineers 35
(SCTE 35) ad insertion markers;

wherein the interstitial programming includes advertise-
ments, and wherein the method further comprises per-
forming the following by the terminal:
receiving an MPEG Dynamic Adaptive Streaming over
Hypertext Transfer Protocol (DASH) based manifest
through the first DVB SI table, wherein the MPEG
DASH based manifest contains:

information about timing of upcoming ad insertion slots
within the MPEG2 TS, wherein the ad insertion slots
are the time slots available for advertisements,

for each ad insertion slot, identification of one or more

sources available to supply advertising material for the
duration of the ad insertion slot, and

for each identified source, a source-specific delivery for-

mat for the advertising material;

parsing the MPEG DASH based manifest to identify the

one or more sources;

based on the parsing of the MPEG DASH based manifest,

requesting respective advertising material from one or
more identified sources depending on the source-spe-
cific delivery format;

receiving the requested advertising material;

storing the received advertising material; and

placing at least some of the received advertising material

into one or more of the upcoming ad insertion slots for
presentation to the viewer.

11. The method of claim 10, wherein the terminal is a
hybrid terminal, and wherein the method comprises per-
forming the following by the hybrid terminal as part of
receiving the transport stream:

receiving the transport stream with the table via at least

one of the following options:
terrestrial broadcast,

satellite broadcast, and

cable broadcast.

12. The method of claim 10, wherein the terminal is an
Internet Protocol Television (IPTV) terminal, and wherein
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the method comprises performing the following by the IPTV
terminal as part of receiving the transport stream:
receiving the transport stream with the table via IP
multicast.

13. The method of claim 10, wherein receiving the MPEG
DASH based manifest includes performing the following by
the terminal:

receiving a Uniform Resource Locator (URL) to the

MPEG DASH based manifest through the first DVB SI
table; and

fetching the MPEG DASH based manifest using the URL.

14. The method of claim 10, wherein the method further
comprises performing the following by the terminal:

sending a report to the television broadcast network,

wherein the report contains information about the por-
tion of the received advertising material played back to
the viewer by the terminal.

15. A method of presenting interstitial programming on a
terminal associated with a viewer, wherein the terminal is
coupled to a television broadcast network that delivers
broadcast television programs to the terminal, and wherein
the method comprises performing the following by the
terminal:

receiving a transport stream of the broadcast television

programs from the television broadcast network,
wherein the transport stream includes a table that
contains timing information which is equivalent to the
timing information conveyed by ad insertion markers
that were previously present in the broadcast content
prior to the receipt of the transport stream by the
terminal;

processing the timing information in the table to identify

time slots in the transport stream that are available for
interstitial programming; and

managing placement of interstitial programming in the

identified time slots during playback of the television
programs on the terminal;
wherein the transport stream is a Motion Picture Experts
Group 2 (MPEG2) Transport Stream (TS), the table
includes a first Digital Video Broadcast (DVB) System
Information (SI) table, and the ad insertion markers are
Society of Cable Telecommunications Engineers 35
(SCTE 35) ad insertion markers;

wherein the interstitial programming includes advertise-
ments, and wherein the method further comprises per-
forming the following by the terminal as part of man-
aging placement of interstitial programming:

receiving the first DVB SI table with a server Uniform
Resource Locator (URL) therein, wherein the server
URL identifies a decision server in the television broad-
cast network that manages selection and delivery of
advertisements to the terminal;

receiving a user ID from the viewer, wherein the user 1D

individually identifies the viewer;

augmenting the server URL by appending the server URL

with the user ID along with a device ID of the terminal;
sending a request to the decision server using the aug-
mented server URL; and

receiving a result from the decision server, wherein the

result includes a respective ad-specific URL for each
viewer-specific personalized advertisement to be
retrieved by the terminal and information about corre-
sponding duration of each viewer-specific personalized
advertisement to be retrieved by the terminal, and
wherein each ad-specific URL identifies a respective
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content server from which a corresponding viewer-
specific personalized advertisement is to be retrieved
by the terminal.

16. The method of claim 15, wherein the table further
includes a second DVB SI table, and wherein the method
further comprises performing the following by the terminal
as part of managing placement of interstitial programming:

receiving the second DVB SI table from the television
broadcast network, wherein the second DVB SI table
notifies the terminal of one or more ad insertion slots
available within the MPEG2 TS;

based on the result received from the decision server,
selecting at least one viewer-specific personalized
advertisement that is time-wise possible for a specific
ad insertion slot within the MPEG2 TS;

retrieving the selected viewer-specific personalized adver-
tisement from the respective content server using the
ad-specific URL for the content server; and

presenting the retrieved viewer-specific personalized
advertisement to the viewer.

17. The method of claim 16, wherein presenting the
retrieved  viewer-specific  personalized advertisement
includes further performing the following by the terminal:

removing from the MPEG2 TS all advertisements pre-
assigned by the television broadcast network to the
specific ad insertion slot; and

replacing the pre-assigned advertisements removed from
the MPEG2 TS with the retrieved viewer-specific per-
sonalized advertisement.

18. The method of claim 16, wherein the method further

comprises performing the following by the terminal:
sending a report to the television broadcast network,
wherein the report contains information about each
viewer-specific personalized advertisement retrieved
from the respective content server and played back to
the viewer by the terminal.

19. The method of claim 16, further comprising perform-
ing the following by the terminal:

receiving an updated version of the first DVB SI table
from the television broadcast network via the MPEG2
TS, wherein the updated version of the first DVB SI
table contains the server URL;

discarding all viewer-specific personalized advertise-
ments retrieved prior to receiving the updated version
of the first DVB SI table; and

re-sending the request to the decision server using the
server URL to obtain a revised set of ad-specific URLs.

20. The method of claim 15, wherein the method further
comprises performing the following by the terminal:

retrieving all the viewer-specific personalized advertise-
ments from the respective content servers identified in
the result received from the decision server;

storing all the retrieved viewer-specific personalized
advertisements; and

for each ad insertion slot within the MPEG2 TS, selecting
one viewer-specific personalized advertisement at a
time from the stored viewer-specific personalized
advertisements for presentation to the viewer.

21. A television broadcast network for signaling adver-
tisements to a terminal for playback to a viewer associated
with the terminal, wherein the terminal is coupled to the
television broadcast network, and wherein the television
broadcast network comprises:

a video processing system that receives broadcast content
containing television programming and generates a
Motion Picture Experts Group 2 (MPEG2) Elementary
Stream (ES) of the broadcast content; and
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a headend coupled to the video processing system and the
terminal, wherein the headend is operative to:
create an MPEG2 Transport Stream (TS) from the
MPEG?2 ES of the broadcast content,

prepare a Digital Video Broadcast (DVB) System
Information (SI) table containing information corre-
sponding to one or more Society of Cable Telecom-
munications Engineers 35 (SCTE 35) ad insertion
markers associated with the MPEG2 TS,

substitute the one or more SCTE 35 ad insertion
markers in the MPEG2 TS with the DVB SI table,
and
deliver the MPEG2 TS with the DVB SI table to the
terminal to manage placement of advertisements during
playback of the television programming;
wherein the DVB SI table collectively includes a first
DVB Sl table and a second DVB S1 table, and wherein
the television broadcast network further comprises:
a database to receive and store viewer-specific informa-
tion along with other pertinent information for the
viewer, wherein the viewer-specific information
includes personal viewing preferences of the viewer
and a user ID that individually identifies the viewer;
and
a decision server coupled to the database and the terminal,
wherein the decision server is operative to:
receive a request from the terminal, wherein the request
includes the user 1D,

query the database with the user ID to generate infor-
mation about one or more viewer-specific personal-
ized advertisements to be sent to the terminal for
playback to the viewer, and

send a result to the terminal, wherein the result includes
a list of ad-specific Uniform Resource Locators
(URLs) associated with the one or more viewer-
specific personalized advertisements and informa-
tion about duration of each viewer-specific person-
alized advertisement, and wherein each ad-specific
URL identifies a respective content server from
which a corresponding viewer-specific personalized
advertisement is to be retrieved by the terminal,

wherein the headend is further operative to:

place a server URL of the decision server in the first DVB
SI table,

send the first DVB SI table with the server URL to the
terminal via the MPEG2 TS to enable the terminal to
send the request to the decision server,

prepare the second DVB SI table that notifies the terminal
of one or more ad insertion slots available within the
MPEG2 TS, thereby enabling the terminal to select
from the result sent by the decision server at least one
viewer-specific personalized advertisement that is
time-wise possible for a specific ad insertion slot within
the MPEG2 TS, and

send the second DVB SI table to the terminal via the
MPEG2 TS.

22. A hybrid terminal for presenting advertisements to a
viewer associated with the hybrid terminal, wherein the
hybrid terminal is coupled to a television broadcast network
that delivers broadcast television programs to the hybrid
terminal, and wherein the hybrid terminal comprises:

a display unit for displaying the advertisements to the

user;

a memory for storing program instructions;

a network interface for receiving broadcast and broadband
content; and
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a processor coupled to the memory, the display unit, and
the network interface, and configured to execute the
program instructions, whereby the hybrid terminal is
operative to:
receive a Motion Picture Experts Group 2 (MPEG2)
Transport Stream (TS) of the broadcast television
programs from the television broadcast network,
wherein the MPEG2 TS includes a Digital Video
Broadcast (DVB) System Information (SI) table
instead of Society of Cable Telecommunications
Engineers 35 (SCTE 35) ad insertion markers, and
wherein the DVB SI table contains timing informa-
tion that is equivalent to the timing information
conveyed by the SCTE 35 ad insertion markers,

process the timing information in the DVB SI table to
identify time slots in the MPEG2 TS that are avail-
able for the advertisements, and

manage placement of the advertisements in the identi-
fied time slots during playback of the television
programs so as to present the advertisements to the
viewer through the display unit;

wherein, upon execution of the program instructions by
the processor, the hybrid terminal is further operative to
perform the following:

receive an MPEG Dynamic Adaptive Streaming over
HTTP (DASH) based manifest through the DVB SI
table, wherein the MPEG DASH based manifest con-
tains:
information about timing of upcoming ad insertion

slots within the MPEG2 TS, wherein the ad insertion
slots are the time slots available for the advertise-
ments, and
for each ad insertion slot, identification of one or more
sources available to supply respective advertising
material for the duration of the ad insertion slot;
parse the MPEG DASH based manifest to identify the one
Or more sources;

based on the parsing of the MPEG DASH based manifest,
request respective advertising material from one or
more identified sources;

receive the requested advertising material;

store the received advertising material in the memory; and

place at least a portion of the received advertising material
into one or more of the upcoming ad insertion slots for
presentation to the viewer through the display unit.

23. The hybrid terminal of claim 22, wherein, upon
execution of the program instructions by the processor, the
hybrid terminal is further operative to perform the follow-
ing:

send a report to the television broadcast network, wherein
the report contains information about the portion of the
received advertising material played back to the viewer
by the hybrid terminal.

24. A hybrid terminal for presenting advertisements to a
viewer associated with the hybrid terminal, wherein the
hybrid terminal is coupled to a television broadcast network
that delivers broadcast television programs to the hybrid
terminal, and wherein the hybrid terminal comprises:

a display unit for displaying the advertisements to the

user;

a memory for storing program instructions;

anetwork interface for receiving broadcast and broadband
content; and

a processor coupled to the memory, the display unit, and
the network interface, and configured to execute the
program instructions, whereby the hybrid terminal is
operative to:
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receive a Motion Picture Experts Group 2 (MPEG2)
Transport Stream (TS) of the broadcast television
programs from the television broadcast network,
wherein the MPEG2 TS includes a Digital Video
Broadcast (DVB) System Information (SI) table
instead of Society of Cable Telecommunications
Engineers 35 (SCTE 35) ad insertion markers, and
wherein the DVB SI table contains timing informa-
tion that is equivalent to the timing information
conveyed by the SCTE 35 ad insertion markers,
process the timing information in the DVB SI table to
identify time slots in the MPEG2 TS that are avail-
able for the advertisements, and
manage placement of the advertisements in the identified
time slots during playback of the television programs
so as to present the advertisements to the viewer
through the display unit;
wherein the DVB SI table collectively includes a first
DVRB SI table and a second DVB SI table, and wherein,
upon execution of the program instructions by the
processor, the hybrid terminal is further operative to
perform the following:
receive the first DVB SI table through the MPEG2 TS
from the television broadcast network;
receive a server Uniform Resource Locator (URL)
through the first DVB SI table, wherein the server URL
identifies a decision server in the television broadcast
network;
receive a user ID from the viewer, wherein the user 1D
individually identifies the viewer;
augment the server URL by appending the server URL
with the user 1D;
send a request to the decision server using the augmented
server URL;
receive a result from the decision server, wherein the
result includes a respective ad-specific URL for each
viewer-specific personalized advertisement to be
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retrieved by the hybrid terminal and information about
corresponding duration of each viewer-specific person-
alized advertisement to be retrieved by the hybrid
terminal, and wherein each ad-specific URL identifies
a respective content server from which a corresponding
viewer-specific personalized advertisement is to be
retrieved by the hybrid terminal;
receive the second DVB SI table through the MPEG2 TS
from the television broadcast network, wherein the
second DVB SI table contains information about one or
more ad insertion slots available within the MPEG2
TS;

based on the result received from the decision server,
select at least one viewer-specific personalized adver-
tisement that is time-wise possible for a specific ad
insertion slot within the MPEG2 TS;

retrieve the selected viewer-specific personalized adver-

tisement using the ad-specific URL for the respective
content server;

remove from the MPEG2 TS all advertisements pre-

assigned by the television broadcast network to the
specific ad insertion slot;

replace the pre-assigned advertisements removed from

the MPEG2 TS with the retrieved viewer-specific per-
sonalized advertisement; and

present the retrieved viewer-specific personalized adver-

tisement to the viewer through the display unit.

25. The hybrid terminal of claim 24, wherein, upon
execution of the program instructions by the processor, the
hybrid terminal is further operative to perform the follow-
ing:

send a report to the television broadcast network, wherein

the report contains information about each viewer-
specific personalized advertisement retrieved from the
respective content server and played back to the viewer
by the hybrid terminal.
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